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THE FERTILITY IN IOWA SOILS
B Y  PERCY ED G AR  BR O W N .*
Iowa soils are not inexhaustible. A  survey of the state re­
cently completed by the Iowa Agricultural Experiment station 
and reported in this bulletin shows clearly that it is time now 
for Iowa farmers to give their best thought and effort to main­
taining the fertility of their farms. .
Hundreds of soil samples collected from the typical soil areas 
of the state and thoroughly analyzed show that sooner or later 
the production of maximum crops will he limited by the lack of 
some plant food element unless farming systems are changed to 
meet the situation. The phosphorus content of Iowa soils is not 
large and this element must be supplied to all the soil areas 
sooner or later. There is a marked tendency m many sections 
for Iowa soils to become acid and that must he corrected by 
lime applications. Even the supply of nitrogen and organic 
matter has its limitations also and demands more attention than
commonly supposed. . , ■
It mnst not he understood that Iowa soils are infertile, but 
they are losing fertility more rapidly than is generally under­
stood. To meet the situation, cultivation and drainage need 
emphasis for improving physical conditions in the soil and thus 
by encouraging bacterial activity making plant food available; 
there must be correct rotation of crops; farm manures and green 
manures must be applied to return nitrogen and organic matter 
to the soil, phosphorus must be supplied in some form or crop 
yields will soon suffer for lack of that element and lime must be 
added to prevent the soil from becoming acid.
A V E R A G E  FA R M IN G  SY ST E M  M IN ES T H E  SOIL.
It has been truly said that much of theagricultural land in 
this country instead of being farmed is being “ mined.”
The systems of farming quite commonly employed are cer­
tainly not calculated to maintain the soil in the condition neces­
sary for the best crop production. The large profit from some 
crop frequently blinds the farmer to the injury which he is 
doing his soil by the continuous growth of that crop and he 
persists in a system which removes fertility with no return. 
Truly he is “ mining”  the land and “ undermining”  the future 
prosperity of the nation. ~B[ c
Past experience clearly shows that no soils are inexhaustible. 
The history of agriculture in-this country bears record of the
♦Tht* analyses reported in this bullet A;1:were made by Messrs. H. B. Finney, 
H. u ;  Kellogg, R. S. Snyder, F. B. Howe, and M. E. Sar and the samples 
were collected by Mr. H. V. Caldwell.
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gradual westward migration of farmers with a trail of exhausted 
land behind them. Many of the soils of the eastern states were 
“ mined”  until they no longer produced paying crops and then 
their owners moved westward, settled on rich, virgin land of 
seemingly inexhaustible fertility, and began again their sys­
tematic robbing of the soil. The depletion of these eastern soils 
has at last been realized and efforts are being made to bring 
them back to a productive state. This may be accomplished but 
it will be a long, tedious and very expensive process.
Shall Iowa wait until its soils are exhausted before it adopts 
a system of farming which will insure their continued fertility?
A recent report on agricultural conditions in Scotland states 
that the soils there are being maintained in a high state of fer­
tility by well-considered systems of farming. Soil conditions in 
Iowa are much better than in Scotland where the soil is thinner 
and consequently requires more skilful management. If it is 
possible to keep naturally poorer soils productive there can be 
no doubt but that it is possible to keep Iowa soils fertile. Al­
though the soils of Germany, France, Belgium, Holland, Den­
mark, and Great Britain have been under cultivation for cen­
turies longer than Iowa’s, the yields per .acre on those soils are 
increasing while Iowa crop yields are either stationary or 
gradually diminishing. This fact becomes evident in a compari­
son of the average yield of wheat in Iowa, which for the ten 
year period 1900-1909 was 14.6 bushels per acre, with that of 
Germany, which was 29 bushels, with that of Great Britain 
which was 33 bushels, or with that of Denmark, which was 40 
bushels per acre. If it is possible to maintain or increase the 
productive capacity of European soils it should certainly be 
possible to do the same with Iowa soils.
i o w a  m a y  l e a r n  f r o m  E u r o p e .
The question then arises, why are these European soils kept 
fertile while Iowa soils are becoming gradually poorer ? Merely 
because in those countries the necessity of keeping up the fer­
tility of the soil by returning as much plant food as the crops 
remove has been recognized. Of course it has been largely a 
matter of necessity in Europe that the soil be kept fertile for 
agricultural land is not abundant and good crop yields must be 
maintained to support the population. In this country, on the 
other hand, the farmer has not needed to worry over the decreas­
ing fertility of his land, for there were always new, rich lands 
farther west. But such is not the case now, for the government 
reports give all future possible increases in farm land at only 
9 per cent above the present acreage. In other words, the acre­
age in farm lands is becoming limited and with the rapid in-
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crease in population, which was about 21 per cent for the past 
ten year period, the soils of this country must he made more 
productive and kept productive or posterity will suffer for food.
Iowa soils are still producing profitable yields. That is no 
excuse, however, for assuming that they will always continue to 
do so. History says they will not. Farm practice says they will 
not. Common sense says they will not. The tables given later 
in this bulletin show that the length of time before Iowa soils 
become completely exhausted if no return of fertility is made,
is comparatively short. .
If the exhaustion of the soil is to he prevented m Iowa the 
principles of permanent agriculture which are outlined m the 
following pages must he put into practice.
PLANT FOOD LIKELY TO BECOME DEFICIENT.
Of the fifteen elements necessary for plant food some are gen­
erally so abundant in the soil that there is no danger of their 
ever becoming exhausted. For example, there is enough iron and 
aluminum to supply an indefinite number of crops. Further­
more the elements which are taken up mainly from the atmos­
phere, such as carbon, and oxygen, can never become exhausted. 
Nitrogen was formerly thought to he taken up entirely from 
the soil and deficiencies in this element were supplied by ex­
pensive nitrogenous fertilizers. Now, however, it is known that 
enough nitrogen may he readily drawn from the atmosphere 
through the growth of legumes to supply the needs of all non- 
leguminous crops.
A few of the so-called “ soil derived”  elements, however, may 
be lacking in soils and these are phosphorus and potassium, and 
sometimes calcium and sulfur. Phosphorus is most likely to he 
deficient. Potassium and calcium may also he low, the former 
in peaty and swampy soils, the latter particularly after the 
growth of legumes which remove a large amount of that element. 
As yet very little is known about deficiencies of sulfur in soils 
but it seems quite possible, in the light of certain tests that some 
soils may lack this element. It is important to know the ni­
trogen content of soil to determine .whether sufficient green 
manure or barnyard manure has been applied. The phosphorus 
and potassium content of the soil will show the need for any 
application of potassic or phosphatic fertilizers. Knowledge of 
the amount of calcium present will not only show whether or 
not there is a deficiency of that element, hut may also indicate 
whether the soil is acid, for humid soils which are deficient in 
calcium are apt to he acid.
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A V A IL A B L E  A N D  U N A V A IL A B L E  P L A N T  FOOD.
Sometimes the analysis of a soil will show the presence of 
such an abundance of the various plant food elements that it 
seems as though crops might he properly supplied for an in­
definite period. Yet when that soil is treated with a fertilizer 
that contains one of the plant foods which analysis shows to be 
so abundant in the soil, it is benefited and produces larger crops.
The explanation of this peculiar state of affairs lies in the fact 
that all of the plant food in the soil is not in a form that can 
be used by plants; it is said to be unavailable. Plants cannot 
take up their food unless it is in solution. Much of the plant 
food in the soil is not in solution, nor is it soluble; hence it is 
of no use to plants growing in the soil. It is the presence 
of available, or soluble, plant food elements that make a soil 
productive.
Thus soils may be shown by analysis to contain a large amount 
of potassium and yet need the application of potassium in soluble 
form because the potassium in the soil is present only as the in­
soluble feldspar which the plants cannot make use of as food.
Again, the nitrogen left in the soil in the remains of plants 
and animals is entirely unavailable and must be changed into 
soluble ammonium compounds and nitrates to be of use to plants. 
This change is accomplished by various groups of bacteria. 
Phosphorus occurs in the soil in an insoluble form and this is 
acted upon hy bacteria and molds in such a way that it is 
changed into soluble phosphates, in which form the phosphorus 
may be taken up by plants.
Feldspar, or potassium aluminum silicate, is the main com­
pound of potassium in the soil. In that form it is an insoluble 
compound and cannot be used by plants. However, it also is 
acted upon by the carbon dioxide and organic acids formed by 
the growth of bacteria and molds, and potassium carbonate re­
sults which is soluble and available for plants.
Calcium may be present in soils, chiefly in the insoluble silicate 
form,  ^but before it can be used by plants it must be changed to 
the bicarbonate form which is soluble. This is accomplished by 
the action of carbon dioxide, which first forms calcium carbonate, 
and then in the presence of water the bicarbonate is produced! 
The losses of lime from soils are largely the result of the leach­
ing of this soluble compound.
Sulfur in any form other than sulfate is of no value to plants. 
But sulfur which occurs in soils mainly in the proteins in plant 
and animal residues is attacked by the so-called sulfur oxidizing 
bacteria which bring about the production of sulfates which are 
used by plants. As has been noted very little is known of the 
importance of sulfur in plant growth and the necessity for the
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presence of the sulfur oxidizing bacteria in proper numbers and 
vigorous efficiency to insure the optimum production of sulfates 
may be greatly underrated. Future work along this line should 
yield interesting results.
P L AN T  FOOD REM O VED  B Y  CROPS.
The elements most likely to he deficient in soils are the five 
essential elements of plant growth, nitrogen, phosphorus, potas­
sium, calcium and sulfur. This deficiency is the direct result of 
the removal of these elements by the growth of crops, although 
there is also of course some loss through the leaching action of 
rain.
Table I gives the amount of three of these constituents, nitro­
gen, phosphorus and potassium, removed from the soil in maxi­
mum yields of various crops. The amounts of calcium and 
sulfur removed by these crops are not included as it is only 
recently that the removal of these elements has been considered 
of sufficient importance to warrant analyses. The value of the 
three elements contained in the different crops is calculated from 
the market value of the elements in fertilizers containing them
T A B L E  I.* P L AN T FOOD IN CROPS— A N D  V ALU E .
Calculating Nitrogen (N.) at 16c, (Sodium Nitrate (NaNOs)), .Phosphorus (P .) at 12c 
(Acid Phosphate); and Potassium (K.) at 6c (Potassium Chloride).
Corn grain ______
' Corn stover _____
Com crop ---------
Wheat grain ____
Wheat straw ___
Wheat crop ____
Oats grain _____
Oats straw -------
Oats crop ______
Barley g r a in __—
Barley straw ___
Barley crop ____
Bye grain -------
Bye straw ______
Bye crop ______
Buckwheat grain 
Buckwheat straw 
Buckwheat crop .
Potatoes _______
Flaxseed _______
Alfalfa hay ____
Timothy hay_____
Clover hay _____
CROP
M
ax
im
um
yi
el
d
Plant Food lbs. Value of Plant Food
To
ta
l v
al
ue
 
of
 p
la
nt
 
fo
od
N
it
ro
­
ge
n
Ph
os
­
ph
or
us
Po
ta
s­
si
um
N
it
ro
­
ge
n
Ph
os
­
ph
or
us
Po
ta
s­
si
um
lOObu.
3 T.
50 bu. 
2J T.
lOObu. 
2| T.
66 Bu. 
l i  T.
50 bu. 
2| Ï .
401 bu. 
1 T.
400 bu. 
25 bu. 
8 T.
4 T.
4 T.
16.00
7.68
23.68
11.36
4.00
15.36 
10.56
4.96
15.52
7.36 
3.04
10.40 
7.84 
' 3.20 
11.04 
5.44 
4.16 
9.60 
13.44
7.36
64.00 
15.36 
25.61
2.04 
0.72 
2.76
1.44 
0.48
1.92
1.32 
0.60
1.92 
1.20 
0.24
1.44 
1.20 
0.60 
1.80 
0.84 
0.60
1.44
2.04 
0.96
4.32 
1.41 
2.40
1.14
3.12 
4.26 
0.78 
2.70 
3.48 
0.96
3.12 
4.08 
0.66
I .  56 
2.22 
0.78 
2.10 
2.88 
0.60 
2.46 
3.06
7.20
0.66
II . 5? 
5.64
7.20
19.18
11.52 
30.70 
13.58
7.18
20.76
12.84
8.68
21.52
9.22 
4.84
14.06
9.82
5.90
15.72
6.88
7.22 
14.10 
22.68
8.98
79.84
22.41 
35.20
*This table is compiled from various sources, much of the data being secured from 
Hopkins’ “ Soil Fertility and Permanent Agriculture.”
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in soluble form. Thus the value of the nitrogen is figured at 
sixteen cents, the cost of the element in sodium nitrate; phos­
phorus at twelve cents, the cost in acid phosphate, and potassium 
at six cents, the cost in muriate of potash.
The table shows quite clearly that the nitrogen supply is 
drawn on most heavily by all crops. The demand on potassium 
is somewhat^ greater than on phosphorus, but less than on ni­
trogen. It is evident that a continuous growing of corn, for 
instance, with no return of nitrogen, phosphorus, or potassium, 
will lead eventually to deficiencies in those elements. One hun­
dred pounds of nitrogen, 17 pounds of phosphorus, and 19 
pounds of potassium cannot be removed from a soil every year 
for an extended period and not lead to a scarcity of these ele­
ments in the soil.
j  Legumes like alfalfa and clover, it will be noticed, remove 
large amounts of nitrogen but this is taken only in small part
H B H I  B n Wilen tile le^umes are well inoculated, as they 
should be, most of the nitrogen is obtained from the atmosphere I 
it the soil is poor in nitrogen practically all the nitrogen in the 
crop comes from the air. By growing legumes and turning 
them under for green manures, the nitrogen may be supplied 
for such crops as corn and wheat and the store of that element 
may be indefinitely maintained. The phosphorus and potassium 
lost from soils by the removal of crops must, however, be re­
plenished by additions of materials containing these elements.
The column giving the total value of the plant food removed 
by the maximum yields of the various crops shows quite clearly 
the relative monetary losses incurred by the growth and sale of 
various crops. The total crop of corn, for example, removes 
$30 worth of fertility per acre; wheat, $20 worth; oats, $21
W°I 0Even lf only H  grain is sold there is a loss of $19, $13 
and $12 worth of fertility per acre for these three crops re­
spectively. The figures for alfalfa and clover are based on the 
assumption that all the nitrogen contained in them comes from 
the soil whereas as a matter of fact usually a very small part is 
supplied by the soil, most of it coming from the atmosphere 
The losses figured for these crops therefore are far too high.
I is evident from these figures that in calculating the actual 
income from the sale of farm crops the price obtained should 
be reduced by subtracting the value of the plant food removed 
from the soil by the growth of the crops. As will be mentioned 
later if these crops are fed on the farm and the manure care­
fully preserved and replaced on the soil and only the livestock 
or dairy products sold off, a large part of the valuable matter 
m the crops may be returned to the soil.
9
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PLANT FOOD REMOVED FROM IOW A SOILS BY CROPS.
Each year an enormous amount of plant food is removed from 
the soils of Iowa by crops. According to the statistics presented 
in table II, the total value of the three principal elements, ni­
trogen, phosphorus, and potassium, removed by the ten leading 
crops, is $142,831,929. Considering that there are many minor 
crops whose total yields could not be secured, the aggregate given 
in the table is below the actual losses of plant food sustained 
annually by Iowa soils through the growth of crops.
The table shows that the total value of nitrogen removed by 
the ten chief crops is over $113,000,000 while the values of the 
phosphorus and potassium removed are about $14,000,000 each. 
Therefore the nitrogen constitutes almost 80 per cent of the total 
value of the plant food removed, while the phosphorus and 
potassium make up about 10 per cent eaeh. This fact is of great 
significance when it is recalled that it is possible to return ni­
trogen to the soil by the use of leguminous green manures and 
barnyard manure while commercial materials must be bought to 
supply deficiencies in phosphorus and potassium.
Comparing the total market value of the ten leading Iowa 
crops with the total value of the plant food removed in these 
crops, the former is found to be just about twice as great as the 
latter. In other words, fully one-half of the value of Iowa crops 
is due to the actual content of nitrogen, phosphorus, and potas­
sium. In view of these facts it is quite clear that the removal 
of many crops such as occurred in 1912 would carry away from 
the soil amounts of plant food so large that in a very short time 
the soils would be exhausted.
IO W A  SH IPS F E R T IL IT Y  OUT OF S T A T E  IN ENORMOUS  
AM OUNTS.
If all the crops produced in the state were sold out of the 
state, Iowa would be shipping out nearly $150,000,000 worth of 
fertility yearly. As a matter of fact, however, the situation is 
not as serious as that. According to the estimate of the secretary 
of the Western Grain Dealers’ association, about 20 per cent of 
the corn and from 35-40 per cent of the oats is shipped off the 
farms. Thus, to make a very conservative estimate, the amount 
of fertility shipped out of the state yearly is probably worth 
about $30,000,000.
The plant food in the crops which are fed to livestock on the 
farm is at least partially returned to the soil in manure.^. When 
manure is properly stored and all losses guarded against, par­
ticularly the losses due to leaching and destructive fermentation, 
about 85 per cent of the valuable constituents go back to the soil. 
Hence under such conditions the loss of plant food from the
10
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T A B L E  TT. P L AN T FOOD REM OVED FROM  IO W A  SOILS B Y  CROPS.
Results calculated from 1912 statistics, taken largely from U. S. Dept, o f Agriculture. (Grain alone o f cereals)
CROP
Total
Acreage
Acres
Total Crop 
Production 
Bushels
Total Value 
Crop
A
ve
ra
ge
 y
ie
ld
 
pe
r 
ac
re
 
bu
sh
el
s
Plant Pood Removed 
per Acre
Total Rounds and Total Value of Plant 
Pood Removed from the Soils of Iowa Total 
Value of 
Plant Pood 
Removed
N
it
ro
­
ge
n,
lb
s.
Ph
os
­
ph
or
us
,
lb
s.
Po
ta
s­
si
um
,
lb
s, Nitrogen Phosphorus Potassium
Corn ______________ 10,047,000 432,021,000 $ 151,207,000 43.0 43.0 7.3 8.2 432,021,000 73,443,570 82,083,990 $ 82,861,627
$ 69,123,360' •$ 8,813,228 $ 4,925,039Wheat ____________ 650,000 12,850,000 10,023,000 19.8 28.7 4.8 5.1 18,247,000 3,084,000' 3,341,000 3,490,060
$ 2,919,520 $ 370,080 $ 200,460Oats ______________ 4,928,000 217,818,000 58,811,000 44.2 29.2 4.9 7.1 143,759,880 23,959,980 34,850,880 27,967,829
$ 23,001,580 $ 875,197 $ 2,091,052Barley ____________ 470,000 14,570,000 7,576,000 31.0 23.9 5.3 5.6 11,218,900 2,476,900 2,622,600 2,249,608
$ 1,795,024 $ 297,228 $ 157,356Rye .  ------------------ .35,000 665,000 412,000 19.0 18.6 3.8 4.9 651,700 133,000 172,900 130,606
$ 104,272 $ 15,960 $ 10,374Buckwheat _______ 7,000 133,000 100,000 19.0 16.2 3.2 4.8 113,050 22,610 33,250' 22,796
$ 18,088 $ 2,713 $ 1,995Potatoes _________ 174,000 18,966,000 8,274,000 109.0 22.9 4.6 32.7 3,982,860 796,572 5,689,800 1,074,233Tons Tons $ 637,257 $ 95,588 $ 341,388Hay ------- --------------- 3,537,000 4,952,000 47,044,000 1.40 27.7 4.8 30'. 5 98,049,600 16,836,800 107,953,600 24,185,568Bu. Bu. $ 15,687,936 $ 2,020,416 $ 6,477,216Flax seed (1911)___ 35,000 402,000 498,000 11.5 21.2 3.7 5.1 739,680 128,640 176,880' 144,496Tons Tons $ 118,348 $ 15,436 $ 10,712Alfalfa ___________ 30', 323 70,640 988,960 2.30 115.0 10.4 55.2 3,532,000 318,880 1,695,360 705,106
$ 284,933,960
$ 565,120 $ 38,265 $ 101,721
$113,970,505 $ 14,544,111 $ 14,317,313 $ 142,831,929
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soil is not so great, but even then it is large enough to make it 
essential that some means he employed to return to the soil the 
constituents removed from it. In livestock farming, if large 
amounts of concentrated feeds are bought and fed, actual addi­
tions of plant food constituents may be made to the soil by ap­
plication of the manure produced on the farm. In such cases, 
however, the soil of that particular farm is being enriched at 
the expense of some other farm from which the concentrated 
feed has been obtained.
Looking at the matter from the economic standpoint, there­
fore, and considering the state as a whole, it is obvious that the 
loss of fertility from the soils of Iowa is sufficiently great to 
demand serious attention and the consideration of means of pre­
venting or restricting such depletion in fertility.
THE SAMPLING AND ANALYSIS OF IOW A SOILS,
To get more complete information about the condition of the 
soils of the state, the experiment station secured many soil 
samples from the typical soil areas of the state and analyzed them 
carefully to learn their composition. Three purposes were in 
mind in this extensive soil sampling and analysis.
1. To learn the average actual composition of Iowa soils in 
the different soil areas.
2. To determine in a general way how long the different soils 
of the state will remain productive under present systems of 
management if no effort is made to return any of the fertility 
removed by crops.
3. To set forth the principles of permanent agriculture which 
must be followed to build up or maintain the productivity on the 
different areas.
In all 366 soil samples were taken at three different depths in 
122 different localities and analyzed. They came from well scat­
tered sections of the five large soil areas of the state; the Mis­
souri Loess, extending completely across the western border of 
the state; the Mississippi Loess, bordering the Mississippi river 
and including a narrow strip west from that river into Jasper 
county; the southern Iowa Loess, covering the southern third of 
the central part of the state; the Wisconsin drift and the Iowan 
drift, covering the northern two-thirds of the central part of 
the state.
W H A T  A N A L Y S E S  CAN AN D  CANNO T SHOW .
It must not be understood that these 366 analyses will give 
all the information needed about Iowa soils and how to deal 
with them. Chemical analyses cannot do that. For instance,
12
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they cannot show jnst which fertilizers are necessary and in 
exactly what amounts they should he applied. This is true 
mainly because chemical analyses merely show what elements the 
soil contains and cannot show how much of those elements is 
available for plant food and how much is unavailable, as pre­
viously pointed out. Chemical analysis may show that two 
soils contain the same amount of phosphorus, but in one enough 
of the phosphorus may be available to insure good crops and 
in the other so little as to insure drop failure, and chemical 
analysis will not show that difference.
But it must not be considered that analyses of typical soils 
are of no value for they are of great use. I f analysis shows that 
a particular element is deficient, it is certain that there is a 
deficiency in the available forms of that element and hence some 
form of fertilizer containing that constituent must be applied. 
Further, if one element of plant food is shown to be deficient 
while all the others are present in abundance, it is clear that 
a system of farming to maintain the fertility of that soil must 
center around the deficient element. The constituents which 
are present in abundance in that soil may be made available, as 
will be shown later, by the rational use of barnyard manure and 
green manure.
PLAN  OP T H E  IO W A  SOILS TE ST .
The samples of soil examined in this work were very carefully 
secured to make sure that they would represent the typical soil 
areas of the state. In most cases the results show that the 
samples were satisfactorily representative. Some samples were 
abnormal but they were so few in number that the results of 
their analyses may be fairly omitted from the averages. Such 
omissions are noted in each table.
Samplings were made in 122 locations, three samples being 
secured in each case; one at a depth of 0 inches to 6 2-3 inches 
(surface) ; a second, 6 2-3 inches to 20 inches (subsurface) ; 
a third, 20 inches to 40 inches (subsoil).
Samples from these different depths were necessary because 
information about the plant food content of the surface soil 
alone is not sufficient to determine whether or not a soil is 
capable of supporting plant growth. The amounts present in 
the lower soil layers must be determined also. There is a con­
stant rise of plant food from the subsurface soil and the sub­
soil by capillany moisture and consequently even shallow rooted 
plants are not dependent entirely upon the surface soil for food. 
Furthermore deep-rooted plants like alfalfa draw their nourish­
ment from very deep soil layers and in such cases the plant 
food present in the surface soil alone would be no index of the 
amount which might be utilized by the plant. The analyses not
14
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only of the surface soils but also of the subsurface soils and sub­
soils were therefore secured as essential for the determination 
of the “ life”  of the soils.
Besides the results with the samples from the large soil areas 
there are included the analyses of ten samples of gumbo soils 
and eleven samples of peat, both of which were obtained for 
another purpose. Eight samples of subsoils under peat were 
also analyzed.
The analyses of the soils for the various constituents were 
made according to the official methods unless otherwise noted.
THE ANALYSES OF THE SURFACE SOILS.
The results of the analyses of the surface soils are given in 
tables III, IV, V, VI and VII*. The percentage content of 
calcium, inorganic carbon, organic carbon, nitrogen, phosphorus, 
and potassium was obtained and the results secured were then 
calculated to pounds per acre, assuming the weight of an acre 
of surface soil, 0 to 6 2-3 inches, to he 2,000,000 pounds, which is 
sufficiently accurate for typical soils. The soils were all tested 
by the Veitch method for acidity and the limestone required 
for the neutralization of those soils which were found to he acid 
was determined.
The analyses are grouped according to the five large soil 
areas, and the smaller special areas of gumbo and peat soils. 
The averages of the large areas have been calculated and the 
results are summarized in table VIII. In several cases the 
results from certain soils have been omitted from the averages 
because of the very evident abnormality of the samples con­
cerned, in spite of every precaution taken to secure only such 
as were fairly representative.
The results of the analyses of the Missouri loess samples are 
given in table III. Prom that table it appears that soil 6 was 
abnormally low in organic carbon and in nitrogen and hence it 
was eliminated from the averages. Similarly, soils 18 and 19 
were unusually high in calcium and in inorganic carbon and 
hence they were not included in the averages for those con­
stituents.
The analyses of the Mississippi loess and southern Iowa loess 
Soils are given in tables IV and V  and in these cases all the 
samples have been included in the averages.
Table VI shows the results of the analyses of the Wisconsin 
drift soils and table VII of the Iowan drift soils. In the former 
case soil 35 was found to he abnormally high in every constituent
♦These tables will be found at the baek of this bulletin.
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TA B LE  V III. P L A N T  POOD IN IO W A  SOILS IN  POUNDS PER  TW O  M ILLIO N  POUNDS OP SURFACE SOIL
(0— 6 2 -3 ") .
SOIL AREA
No. of 
Samples 
Analyzed
No. of 
Samples 
Acid by 
Veitch Test
Total
Calcium
Total
Inorganic
Carbon
Total
Organic
Carbon
Total
Nitrogen
Total
Phosphorus
Total
Potassium
Missouri lo e s s__ ________________ __ 40 3 12,069a 117b 48,895° 4017a 1538 33,875
Mississippi loess _________ ________• - *¿6 20 10,912 90e 51,320 4110 1361 31,100
Stouthem Iowa loess_________________ 26 16 10,522 74r 55,424 4464 1368 32,584
Wisconsin drift ____________________ 21 l r 18,975e 135» 69,730* 54581 1305s 28,742*
Iowan drift ----------------------------------- 21 19 S.gOS111 97“ 57,211« 4526P 1289*1 . 22,247
a Soils 18 and 19 omitted from average—high in Ca. 
b Soils 18 and 19 omitted from average—high in inorganic C.
Soils 106 and 10T omitted from average—no inorganic C. 
e Soil 6 omitted from average—low in organic C, 
d Soil 6 omitted from average—low in ¡nitrogen. 
e Soils 67, 73 and 74 omitted from average—no inorganic C. 
f Soils 80, 92, 93 , 94, 96, 97, 100, 108 omitted from average—no inor­
ganic C.
* .17 soils analyzed—soil 35 omitted from average—high In Ca.
» 7  soils analyzed—soil 35 omitted from average—high in inorganic C.
* 7 soils analyzed—soil 35 omitted from average—high in organic C. 
l Soil 35 omited—high in N. 
k Soil 35 omitted—high in P.
1 7 soils analyzed—soil 35 omitted—low in K. 
m Soil 41 omitted—high in Ca.
n Soil 41 omitted—high in inorganic C.—soil 50 none.
0 Soil 41 omitted—high in organic O. 
p Soil 41 omitted—high in nitrogen.
« Soil 41 omitted—high in P. 
r 8 soils tested.
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except potassium and unusually low in that element, and hence 
was omitted from the averages. In the case of the Wisconsin 
drift soils the analyses were not complete as many of the re­
sults were secured in other work where only a few of the im­
portant constituents were determined. In the case of the Iowan 
drift soils sample 121 was omitted, being very high in all the 
constituents determined except potassium and low in that ele­
ment, and therefore not representative. Many soils were ex­
amined here which contained no inorganic carbon and these of 
necessity were not included in the averages for that constituent.
Considering the results of the analyses as a whole, however, 
there was very gratifying agreement between those for the 
same soil areas and the averages which have been secured, after 
the elimination of the few samples mentioned above represent, 
it is believed, quite satisfactorily the plant food content of the 
typical soils.
Upon the averages which appear in table V III is based the 
comparison of the plant food stored in the different soil areas. 
Upon these averages also the calculations are based to deter­
mine the need of applying plant food constituents to the soils 
and to show indirectly the “ life”  of the soil, that is, the length 
of time during which crops might be supported if there were 
no return of plant food constituents,
Many footnotes were of necessity appended to this table be­
cause of variations in the number of analyses upon which the 
averages were based, due to the elimination of results which 
seemed to be abnormal.
As to potassium content the Missouri loess contained the 
largest amount with the southern Iowa and Mississippi loess 
soils following it very closely. In the drift soils, however, there 
were smaller amounts, 28,000 and 22,000 lbs. for the Wisconsin 
and the Iowan drift, respectively, against 31,000, 32,000, and
33,000 lbs. for the Mississippi, southern Iowa, and Missouri loess 
soils, respectively.
The Missouri loess also contained the largest amount of phos­
phorus, 1,538 lbs. per acre; in the other loess soils and the 
Wisconsin drift soil there was somewhat less than 1,400 lbs. 
per acre. The Iowan drift was again the poorest in this con­
stituent, containing only 1,289 lbs.
The nitrogen content of the Missouri loess was the lowest 
among all the soils, increasing gradually in the Mississippi loess, 
the southern Iowa loess, and the Iowan drift soils in the order 
named. In the Wisconsin drift soil there was the largest 
amount of this element, 5,458 lbs. per acre.
In content of organic carbon practically the same relations 
appeared between the different soil areas as were observed in
17
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the case of the nitrogen content. The Missouri loess again 
contained the smallest amount, 48,000 lbs. per acre, and this 
increased to 51,000 lbs. in the Mississippi loess, 55,000 lbs. in 
the southern Iowa loess, 57,000 lbs. in the Iowan drift and
69,000 lbs. in the Wisconsin drift. It will be shown later that 
the carbon-nitrogen ratio in soils is quite important from the 
fertility standpoint and the relations obtained in this work will 
be given and conclusions drawn.
The amount of inorganic carbon was small and the differences 
in this constituent in the different soil areas were hardly great 
enough to be of much significance. The low content of the soils 
in this constituent is to be expected when the losses which fall 
upon the carbonates in the soil by assimilation by plants and 
through leaching are recalled. Indeed, there is no more reason 
for expecting any accumulation of calcium carbonate in the soil 
under ordinary conditions than there is for expecting to find 
nitrates in any considerable amounts in field soils under crops. 
Only where soils are of limestone origin may the presence of 
any considerable amounts of calcium and magnesium carbonates 
be expected.
There was shown ordinarily a very close relation between the 
calcium content of the soil and the amount of inorganic carbon 
present. Soils running high in calcium were high in inorganic 
carbon and vice versa. There was always a much larger amount 
of calcium present than could be accounted for on the basis of 
its union with the inorganic carbon. Evidently a large per­
centage of the calcium present occurred in the form of insoluble 
silicates. There is an additional fact to be noted here and that 
is if there is any magnesium present in soils it will be united, 
at least in part, with the carbon dioxide, and the inorganic 
carbon present may not be united entirely with calcium. It is 
only in particular instances that this would be the case. Ordi­
narily there occurs in soils a certain proportion of calcium and 
magnesium, and portions of each are present as carbonates. 
The Wisconsin drift soils' and the Missouri loess soils, which 
showed the largest amounts of inorganic carbon present, con­
tained the fewest acid soils. There6'seemed to be some relation 
here between the inorganic carbon content, the calcium content, 
and the number, of acid soils. Thus the Wisconsin drift soils 
contained the largest amount of calcium and they also showed 
the highest amount of inorganic carbon and the smallest num­
ber of acid soils. The Missouri loess soils contained the next 
I largest amount of calcium and inorganic carbon and also a 
small number of acid soils. The' relations were not quite so 
clear with the other soils, the amounts of calcium and inorganic 
carbon in the different areas being so similar. It may be noted,
18
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however, that the Iowan drift soil was low in calcium and in­
organic carbon and had the largest proportion of acid soils.
The large proportion of acid soils on some o f ’ the soil areas 
is of great interest. Thus, acidity was found in 19 out of 21 
samples of the Iowan drift soils, in 20 out of 26-safnples of the 
Mississippi loess, and in 16 out of 26 samples of the Southern 
Iowa loess. In the case of the Missouri loess soils, only three 
out of 40 samples showed acidity and with-the Wisconsin drift 
one out of seven was acid. It is evident that the soils of the 
two latter areas were not nearly so apt to be acid as those of 
the other three areas.
Work has now been completed involving an examination of 
numerous soils of the state by the Veitch test, which was used in 
this work, and also by the litmus paper test in the field and the 
results will appear in Bulletin No. 151. The results secured 
here have been included in the report of that work and com­
pletely discussed with comparisons and definite conclusions, and 
they need not be considered further here. The actual lime re- 
quirements of all the samples tested in this work are also given 
m the bulletin mentioned and will not be discussed here.
It is interesting that the Iowan drift soil which has under­
gone much leaching, was the poorest in calcium and contained 
many acid soils, while the “Wisconsin drift soil,- which is a 
younger formation and has not undergone much leaching and 
indeed, m many cases is insufficiently drained, showed a high 
calcium content and few acid samples. The Mississippi and 
southern Iowa loess soils, as might be expected, were lower in 
calcium and m basic Substances than the Missouri loess; they 
are thm soils and in many cases are mixed with the underlying 
p.°or 5 ansan H  to such an extent that their fertility is con­
siderably reduced. Furthermore, these soils are leached very 
rapidly and retain very little of the calcium earbonate produced 
1 here is a much more rapid destruction of the humus present 
as is shown by the lower organic carbon content, in all the loess 
soils than m the drift soils, and the calcium carbonate is more 
m demand to neutralize the acids produced. Some other factor 
than this evidently distinguishes the Missouri loess, for al­
though it is low in organic carbon and shows a more rapid 
destruction of humus, few acid samples were found The dif­
ference here between this soil and the other loess soils may be 
due to the original composition, manner of formation, or subsoil 
characteristics.
■ 111 res.?lts show quite clearly one additional fact and that 
is that soils may need applications of lime when they contain 
considerable amounts of calcium and that the analysis of a soil 
tor this element and for inorganic carbon is of no use in deter-
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mining the need for liming unless there is such a small amount 
of ealcium present that a deficiency in calcium carbonate is 
practically assured. This, obviously, would occur only in very 
abnormal soils.
THE ANALYSES OF THE SUBSURFACE SOILS AND
SUBSOILS.
The results obtained by the analyses of the subsurface soils 
are given in tables IX , X , X I, X II  and X III and for the sub­
soils in tables XY, XYI, XVII, XVIII and X IX *  .
It will be unnecessary to enter upon a detailed discussion of 
the results presented in these tables as the averages are of chief 
interest. The average analyses are given in table X IV  for the 
subsurface soils and in table X X  for the subsoils.
The same number of samples were examined in these cases 
for all the soil areas except the Wisconsin drift and in that case 
only eight samples were analyzed. In the Iowan drift one sub­
soil sample was not analyzed because it was a coarse gravel and 
hence the averages are based on twenty instead of twenty-one
analyses. •
As was the case with the surface soils it was found necessary 
to eliminate the results of the analyses of some soils from the 
averages because of quite evident abnormality. In some cases 
the subsurface and subsoil samples of the same soils were elim­
inated as in the averages of the surface soils. Thus in the 
Missouri loess samples 18 and 19 were found to contain an 
abnormal amount of calcium in the surface soil and these 
samples were also found to he abnormal in the subsurface soils 
and subsoils. Among the subsurface samples, Nos. 17, 71, and 
113 were also abnormally high in calcium, while in the subsoils 
not only these, hut also Nos. 8, 16, 20, 24, 25, 26, and 113 were 
all abnormal. This shows very clearly that the supply of cal­
cium carbonate in the lower layers of the Missouri loess soils is 
considerable and in a few cases the large amounts continue up
to the surface. . .
The almost entire absence of acid soils in the Missouri loess 
area is also explained. It is interesting to note here that in 
every case soils abnormally high in calcium showed also a high 
content of inprganic carbon, indicating the presence of a large 
amount of calcium carbonate. Thus the same soils which were 
not included in the averages for calcium were eliminated from 
the averages for inorganic carbon because of the presence of 
abnormally large amounts of that constituent. There were also
♦These tab les w ill be fou n d  at the b a ck  o f  th is bu lletin .
20
Bulletin, Vol. 13 [1914], No. 150, Art. 1
http://lib.dr.iastate.edu/bulletin/vol13/iss150/1
106
some additional samples which showed large amounts o f  in­
organic carbon although the calcium content was not abnormal 
and in these case the assumption must be that this inorganic 
carbon was present as magnesium carbonate. No analyses were 
made for magnesium and hence there is no means of ascertain­
ing the validity of this assumption. In the case of the Missis­
sippi and southern Iowa loess soils and the Iowan drift soil 
there were rather a large proportion of the samples which con­
tained no inorganic carbon at all and hence the averages ob­
tained in these instances were based on the samples which did 
show some inorganic carbon.
In the Wisconsin drift soil 35, which was abnormal in all 
constituents in the surface samples, showed the same abnor­
mality m the subsurface samples but this abnormality was lim­
ited to the calcium and the inorganic carbon content in the 
subsoil samples.
Among the Iowan drift samples, soil 41, which showed an 
abnormal content in all constituents except potassium in the 
surface samples was still abnormal in the subsurface and the 
subsoil samples in inorganic carbon and soil 56 which was 
normal at the surface gave a large subsurf abe content in calcium 
and inorganic carbon. One soil among those of this area showed 
no inorganic carbon whatever. With these exceptions however, 
the analyses of the samples of subsurface soils and subsoils were 
rather uniform and the averages which were obtained may be 
accepted as representative of the content in plant food con­
stituents of the various soil areas of the state.
Examining now the average results of the analyses of the 
subsurface and subsoil samples and comparing them with the 
averages for the surface soils, in some cases there, seemed to be 
a rather uniform distribution of an element throughout the 
surface, subsurface, and subsoil samples, that is from the sur­
face down to 40". Shallow or deep p o ted  plants would in such 
instances be similarly supplied with^plant food were it not for 
the fact that these constituents do not occur in correspondingly 
available amounts, There is greater bacterial action nearer the 
surface and hence more of the elements are changed to avail­
able forms more rapidly than in the lower soil layers. In some 
instances there is actually more of some constituent in the 
lower soil layers than in the surface soil and the effect of these 
greater amounts will ultimately be felt .by the surface soils. 
Thus, as the results given in the tables were calculated as 
pounds per acre of two million pounds of surface soil, four 
million pounds of subsurface soil, and six million pounds of 
subsoil, if the element were uniformly distributed throughout 
these soil layers the figures for the subsurface should be twice
21
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T A B L E  X IV . P L A N T  FOOD IN  IO W A  SOILS IN  POUN DS PER FOUR M ILLIO N  POUNDS OF SUB-SURFACE
SOILS (6 2-3— 2 0 ") .
SOIL AREA
No. of 
Samples 
Analyzed
No. of 
Samples 
Acid
Veitch Test
Total
Calcium
Total
Inorganic
Carbon
Total
Organic
Carbon
Total
Nitrogen
Total
Phosphorus
Total
Potassium
Missouri loess. ________ ___________ 40 1 22,838» 102b 67,934 5265 2607 67,382
Mississippi loess _______ ____________ 26 20 19,766 132« 65,061 5232 2204 64,089
Southern Iowa loess--------------------------- 26 14 ■ 20,418 107« 71,976 5596 2089 65,984
Wisconsin d r i f t ----- ------------------------ 8 0 29,401e 382r 98,765s 8011h 2217* 55,SCO!
Iowan drift ----------------------------—  . . 21 14 18,199k 168’ 74,169. 5716 2207 48,019
a Soils 17, 18, 19—abnormal in Oa.
Soils 71, 113—abnormal in Oa. 
b Soils 17, 18, 19, 71, 113—abnormal in inorganic C. 
« Soils 70, 73 and 74—no inorganic 0 . at all. 
rt Soils 80, 92, 93, 94, 101—no inorganic O. at all. 
c , i ,8,h, i , ;i—Soil 35—abnormal in all constituents. 
f Soil'33— abnormal in inorganic O, 
k Soil 56—abnormal in Oa.
1 Soils 41 and 56 abnormal in inorganic C..
Soil 58—no inorganic carbon at all.
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T A B L E  X X . P L A N T  FOOD IN  IO W A  SOILS IN  PO U N D S P ER  S IX  M ILLIO N  POUNDS OF SUBSOIL (2 0 "— 4 0 ") .
SOIL AREA
No. of 
Samples 
Analyzed
No. of 
Samples 
Acid
Veitch Test
Total
Calcium
Total
Inorganic
Carbon
Total
Organic
Carbon
Total
Nitrogen
Total
Phosphorus
Total
Potassium
Missouri loess________________ _____ 40 0 34,805** 288» 55,041 4116 3892 96,372
Mississippi loess _______ ________ - . 26 22 32,620 138® 49,140 4037 3003 91,980
Southern Iowa loess. . . . . 26 12 35,576 IIS'1 48,876 3909 2972 93,119
Wisconsin drift____ ______ _____ 8 0 257,951® 48.7271 54,825 4255 3253 77,500'
Iowan drift ---------------- ---------- 20 14 24,795 2582 42,637 3372 2889 72,380
a Soils 8, 16, 17, 18, 19, 20, 24, 25, 26, 113— abnormal Ca. 
b Soils 5, 8, 16, 17, 18, 19, 20, 24, 25, 26, 113—abnormal inorganic O.
Soils 105, 106, 107, 110, 112—no inorganic O. at all. 
c Soils 73, 74, 76, 77, 121—no inorganic O. at all. 
d Soils 79, 90, 91, 92, 93 , 96, 100, 102—no inorganic O. at all.
® Soils 35, 36— abnormal Oa.
1 Soils 35 , 36—abnormal inorganic C.
* Soil 41—abnormal inorganic C.
Soil 55—no inorganic O. at all.
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as large as those for the surface and the results for the subsoil 
should be three times as great.
Considering first the calcium content of the various soil areas, 
it is found that just as in the surface soils, the Wisconsin drift 
contained the largest amount of calcium, both in the subsurface 
and subsoil samples. With the subsurface samples, as before, 
the Missouri loess stood next to the Wisconsin drift; but in the 
subsoil samples the southern Iowa loess was slightly larger, 
though there was not enough difference to be of great moment. 
The Mississippi loess again occupied fourth place in subsurface 
and subsoil and the Iowan drift last place. As a whole, there­
fore, there was a remarkable agreement between the relative 
amounts of calcium in the various soil areas at different depths.
In the Missouri loess there was almost uniform distribution 
of calcium throughout the three zones, the amounts found being 
roughly, 12,000, 23,000, and 35,000 lbs. per acre. With the 
Mississippi and southern Iowa loess soils there seemed to be^  a 
uniform amount of calcium in the surface and subsurface soils 
with somewhat more in the subsoils. Thus there was 11,000,
20.000 and 33,000 lbs. respectively in the former soil and 10,500,
20.000 and 35,500 lbs. respectively in the latter soil. This 
greater amount of calcium in the subsoils of these soil areas evi­
dently does not occur as calcium carbonate for there were almost 
the same number of acid samples among the subsoils as in the 
surface and subsurface soils. Indeed in the case^  of the Missis­
sippi loess there were three more acid samples in the subsoils 
than in the surface soils and two more than in the subsurface 
soils. The calcium here evidently occurred as the calcium 
silicate.
In the case of the Wisconsin drift the results can hardly be 
considered as conclusive for only eight samples of subsurface 
soils and subsoils were analyzed. There is evidently, however, 
quite uneven distribution of the calcium for the figures show 
less than twice as much in the subsurface as in the surface soil 
and considerably more than three times as much in the subsoil. 
The amounts obtained were in round numbers 19,000, 29,000 
and 258,000 lbs. respectively for the surface, subsurface, and 
subsoil samples. Six out of the eight subsoil samples were much 
higher than uniform distribution would have made them.
With the Iowan drift there was rather uniform distribution 
of the calcium, the amount decreasing slightly in the ..subsoil. 
The amounts found were 9,000, 18,000 and 24,000 lbs. for the 
three depths respectively. The small amount of calcium in this 
soil is a source of concern and explains to a large extent the 
deficiencies of lime as shown by the prevalence of acid samples.
24
Bulletin, Vol. 13 [1914], No. 150, Art. 1
http://lib.dr.iastate.edu/bulletin/vol13/iss150/1
110
There is not as close agreement between the relative amounts 
• sf e B r m a:ad the number of acid soils in the various soil areas
M  the sVbsurfaee soils and the subsoils as was noted 
with the surface soils. Similar amounts of calcium do not mean 
a fewer number of acid samples. Indeed the Missouri loess 
subsoil samples did not show a particularly large calcium con­
tent and yet there were no acid samples among them while the 
Mississippi loess subsoil samples containing a very slightlv 
smaller average amount of calcium showed 23 out of 26 samples 
acid The larger proportion of calcium in the form of the 
silicate was clearly shown in the latter soil.
Exammmg the inorganic carbon content, such small amounts
B H  G | B i i l i B f t ?  Cases. that any conclusions from their study would hardly be permissible. The amounts were so small 
that m many cases the differences may be attributed to differ­
ences m the chemical analyses and beyond the limit of error, 
n each case however, the Wisconsin drift soil contained the
t J B I  am°Un1t ° f  mo1rganic carbon just as it did of calcium.
. he Missouri loess and Iowan drift showed similar amounts of 
inorganic carbon, the former showing slightly greater amounts 
m the surface and subsoil samples and the latter being some- 
what larger in the subsurface samples. In each case the 
southern Iowa loess contained the smallest amount and the Mis­
sissippi loess ranked next. There was some agreement between 
these results and those for calcium and the number of acid 
samples with respect to the relation between the different soil 
areas but m several cases opposite results to those expected were 
obtained and hence definite conclusions are impossible.
When the organic carbon and the nitrogen content of the 
various soils at different depths are considered, as might be ex- 
¡ B B H h M  was/ l0t. a uniform distribution of these elements 
m the 40 inches of soil. Most of these constituents were found 
m the surface soil and the amounts gradually diminished in the 
subsurface soils and subsoils. The Wisconsin drift soils con­
tained the largest amount of organic carbon, 69,000 lbs in the 
surface but instead of 138,000 and 207,000 lbs, amouni which 
would be expected witl; uniform distribution, it contained in 
the subsurface soils and subsoils only 98,000 lbs, and 55,000 
lbs. bimilar conditions were evident in the other soils the 
amounts present in the subsoils being in every case far below 
those to be expected if uniform distribution occurred and in
mi”16 <rase» .even be.low tbe amounts found in the surface soils, 
thus the Iowan drift contained 57,000 lbs. per acre in the sur­
face soil and only 42,000 lbs. in the subsoil. The fact that the 
organic carbon content of the soils was largely present in the 
surface soil was clearly shown by the results.
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The different soils bore somewhat different relations to each 
other with respect to organic carbon content at the different 
depths. The Wisconsin drift soils contained the most organic 
carbon in the surface and subsurface but slightly less than the 
Missouri loess in the subsoil. The Iowan drift stood second in 
the surface and subsurface soils but dropped to the last in the 
subsoil. The Southern Iowa loess was third in the surface and 
subsurface soils but ranked fourth in the subsoil. The Missis­
sippi loess was fourth in the surface soil, fifth in the subsurface 
soil, and third in the subsoil, and the Missouri loess stood lowest 
in organic carbon at the .surface, fourth in the subsurface 
samples and first in the subsoils. It was shown here that al­
though the loess soils contained less carbon at the surface than 
the drift soils they contained practically as much total carbon 
because they are so much deeper and hence contain more carbon 
at the lower depths. The differences brought out here in or­
ganic carbon content of the different soil areas at the three 
depths are undoubtedly primarily due to the differences in char­
acter of the soils, methods of formation, etc., as well as to the 
differences in bacterial activities in the soils which are governed 
very largely by the physical conditions already mentioned, which 
in turn are the results of differences in type brought about by 
different methods of formation.
The nitrogen in these soils did not seem to be uniformly ^  dis­
tributed to 40 inches. Thus the Missouri loess, which contained
4.000 lbs. per acre in the surface soil, would be expected to show
8.000 and 12,000 lbs., respectively, in the subsurface soils and 
subsoils, but as a matter of fact there were only 5,200 lbs. and 
4,100 lbs., a decrease almost to the surface content. All the 
other soils showed a similar drop in the subsoil, so that, as m 
the case of the organic carbon, the main portion of the nitrogen 
occurred at the surface and gradually diminished to the subsoil.
The Wisconsin drift contained the most nitrogen at every 
depth; the Iowan drift the second largest amount at the surface 
and subsurface but the smallest amount in the subsoi . is 
checked exactly with the results with organic carbon and showed 
how closely the organic carbon and nitrogen are related. A 
more complete discussion of these results in connection with the 
study of the carbon-nitrogen ratio in the soils will be included 
later. The southern Iowa loess ranked third m nitrogen con­
tent in the surface and subsurface soils but was fourth m the 
subsoil, checking again the organic carbon results. e 
sissippi loess was fourth in nitrogen content in the surface, bltn 
in the subsurface, but third in the subsoil, again the rank of 
this soil in nitrogen was exactly the same as in organic carbon. 
The Missouri loess, the lowest in nitrogen at the surface became
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fourth at the subsurface, and second at the subsoil. This is the 
only instance where the organic carbon and the nitrogen results 
did not check as here in the subsoil the Wisconsin drift ranked 
first in nitrogen while it ranked second to the Missouri loess in 
organic carbon. The differences were so very slight however, 
that it may he said as a whole the soils ranked practically the 
same at the three depths in nitrogen and organic carbon content 
showing the close relation of these constituents.
In considering the phosphorus content of the soils it appears 
that there was not a uniform distribution of this element from 
the surface down to 40 inches. Thus the Wisconsin drift showed 
about 1,400 lbs. of phosphorus present in the surface soils; only
2.200 lbs., instead of 2,800 lbs., in the subsurface soils, and only
8.200 lbs., instead of 4,200 lbs., as would be expected, in the 
subsoils. There was evidently a considerable dropping off in 
phosphorus content in the subsoil. The same fact was evident 
with all the other soils, the greatest decrease in phosphorus oc­
curring from the subsurface to the subsoil, the latter being low 
in phosphorus for all types. With regard to the relative amounts 
of this constituent in the different soil areas at the three depths 
the Missouri loess was found to contain the largest amount at 
every depth and to show the nearest approach to uniform dis­
tribution. These figures were undoubtedly due to the character 
of the soil and particularly the depth of the soil, which leads 
directly to more uniform distribution of plant food constituents. 
The Wisconsin drift ranked second at every depth but there 
was quite a variation in the ranking of the other three soil areas 
at the different depths. Thus the southern Iowa loess stood 
third in the surface soil, fifth in the subsurface soil and fourth 
in the subsoil; the Mississippi loess stood fourth in the surface 
and subsurface but third in the subsoil. The Iowan drift which 
contained the least amount of phosphorus in the surface soil 
was third in the subsurface soil and fifth in the subsoil. The 
differences in these cases were so slight however, that a ranking 
of these three latter areas in content of this constituent should 
hardly be made.
The fact that the Missouri loess contained the largest amount 
of phosphorus at every* depth and the Wisconsin drift the second 
largest amount is the fact that is of importance. As has been 
pointed out, the content of this constituent very largely deter­
mines the fertility of the soils of the state for this is the con­
stituent which is present in smallest amounts and to supply it 
expensive commercial fertilizers must be employed.
The fact that there was less phosphorus in the subsoil than 
in the surface soil in every soil area is also of importance for 
it shows conclusively that there is no ground for the belief
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that there will he any extensive supplying of the needs of 
crops in this constituent from the lower soil layers.
The potassium in the soils was found to be quite uniformly 
distributed throughout the first 40 inches of soil, in all the 
loess soils showing about twice as much in the subsurface soils 
and almost three times as much in the subsoil samples as at 
the surface. Thus the Missouri loess showed 33,000, 67,000 and
96,000 lbs. respectively at the three depths. With the Wisconsin 
drift soils there was an unexpected dropping off in potassium 
in the subsoil. Thus the amounts found were 28,000, 55,000 
and 77,000 lbs. respectively at the three depths. It is possible 
that the small number of samples examined might explain these 
subsoil results. That is, if more samples had ^  been analyzed 
the average potassium content in the subsoil might have come 
up to the requisite amount for uniforpa distribution as the de­
crease was not large. The Iowan drift showed, as might be 
expected, greater »amounts in the subsurface and in the sub­
soil than in the surface; 22,000, 48,000 and 72,000 lbs. re­
spectively. Here the greater proportion of the potassium bear­
ing minerals in the lower soil layers was clearly shown. The 
soils ranked in identically the same order in potassium content 
at every depth, the Missouri loess showing the greatest amount, 
the southern Iowa loess the next amount, then the Mississippi 
loess, then the Wisconsin drift and finally the Iowan drift. 
The greatest differences occurred at the surface and although 
the Iowan drift contained more than three times as much potas­
sium in the subsoil of six million pounds as in the surface of 
two million pounds, the increase was not great enough to carry 
it above the amounts in the other soils.
Considering the results as a whole, it is found that the Mis­
souri loess contained slightly larger amounts of both phosphorus 
and potassium from the surface to 40 inches depth than the 
other soil areas but it showed less nitrogen than all except tiie 
Mississippi loess. The nitrogen content of a soil however may 
be increased very readily by the use of green manure and barn­
yard manure but the phosphorus and potassium mus e m 
creased by applications of expensive commercial fertilizers so 
that the fertility in the Missouri loess soils may be maintained 
very cheaply. There was not much difference m the phosphorus 
content of the Wisconsin drift, the Mississippi loess, the southern 
Iowa loess, and the Iowan drift soils, the amounts present de­
creasing slightly in the different soil areas m t e or Cl* •
Small variations in potassium content were also found, the 
amounts present in the Wisconsin drift, the southern Iowa loess, 
the Mississippi loess, and the Iowan drift gradually decreasing 
in the soil areas in the order given.
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The Iowan drift has been subjected to considerable weather­
ing action and leaching and its valuable constituents have been 
lost in considerable amounts hence its somewhat lower content 
in the essential plant food constituents. Loess soils are usually 
richer in plant food than drift soils hut the Wisconsin drift 
is a comparatively new soil and has suffered little by leaching 
and weathering and it was naturally rich in some constituents 
and hence it contains slightly larger amounts of phosphorus 
and potassium than the Mississippi and southern Iowa loess 
soils. The fact that the Missouri loess shows somewhat larger 
amounts of phosphorus and potassium than the other loess soils 
is due partly to a difference in the chemical character of the 
soil and partly to the depth which is very great as a general 
rule, while the other loess soils are underlaid by the poor, leached 
out Kansan till and Illinoisan drift, remains of earlier glaciated 
soils. These poorer drift soils sometimes outcrop to a consid­
erable extent as for example the Kansan till in the southern 
Iowa loess, and the plant food content of the soils of this area 
is materially reduced by this fact.
TEE ANALYSES OF TEE GTJMBO SOILS.
Besides the large soil areas in Iowa, which have been de­
scribed, there are smaller areas of gumbo and peat. Samples 
of these special soils were secured to determine the total plant 
food content and compare it with that of the main soil areas.
The study of these soils involves special problems, and special 
methods of treatment are required in their management. A 
detailed discussion of these points will not he entered upon here 
as the gumbo soils have been discussed and described and 
methods for their treatment have been suggested in Bulletin 
119 of this Station, and a detailed study of the peat soils of 
the- state will appear in a future publication. The inclusion 
here of the analyses of these soils and a brief discussion is 
made merely for the purpose of comparison.
The gumbt) soils cover approximately 1 per cent of the state 
and are found in small areas in the southeast corner, in Wash­
ington, Muscatine, Louisa, Henry, Des Moines, Lee, and Van 
Buren counties, and along the western border of the state, cover­
ing a narrow strip of land in Woodbury, Monona, Harrison, 
and Pottawattamie counties.
The analyses of these soils are given in table X X I. Only 
two samples were secured among the soils sampled for this 
work and the remainder of the analyses have been adapted from 
those given in the bulletin already mentioned. The samples
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T A B L E  X X I . A N A L Y S E S  OF GUMBO SOILS.
Calculated as pounds per acre o f 2 million pounds o f surface soil E B |  4 million pounds of subsurface soil B B  and 6 million pounds of 
subsoil (20"-40").
Location
County
Monona ________ Lincoln
Lincoln
Township
ties Moines
Henry
Henry
Henry
Henry
Henry
Lincoln —  
Flint River 
Flint River 
Flint River 
Canon -----
Canon
IB
5B
6B
10B
11B
24B
31B
63B
Soil Stratum
Stratum
Sampled
Surface ______ 0 to 61'
Subsurface ----- 6] to 20"
Subsoil 20 to 40"
Surface __ 0 to 61'
Subsurface ----- 61 to 20"
Subsoil _ ----- 20 to 40"
Surface ---------- 0 to 12"
Surface 0 to 12"
S u rfa ce ---------- 0 to 12"
Surface -------- 0 to 12"
Surface - -  ----- 0 to 12"
Surface _ ------ 0 to 12"
Subsurface — .
Surface av-----
Subsurface av. 
Subsoil av------
a
p *3 a
PO
*o
c3
O S
m
bou P
Po
bo
U
O
a
oS’p o  o1
a s
&
a o 
tDu & o o
r i f-i 
5  «3 
O ü
o3 pi 
O « o » .
08 
^  o
O »
Hi g 8* g b
16,376
34,884
36,630
24,612
,53,488
59,592
16,280
15.700 
*19,420
20.700
19,240
15,000
*23,840
18,298
14,186
48,121
92
352
276
92
352
170
51,380 
77,720 
56,100 
78,620 
115,080 
54,900 
72,600 
51>600
3738
3736
1248
5562
8508
4206
6340
5080
76,270
57,200
46,000
40,060
59,216
96,400
55,500
6094
5600
3360
5214
6122
2727
1320
2008
3060
1664
2884
2958
1100
1240
980
1100
860
1220
2446
3Ó09
*Results omitted from averages for evident abnormality, 
uniform distribution, 0-12", depth to which samples taken.
39,200
76,800
106,800
28,600
57,600
88,500
33,900
67,200
97,650
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examined in that work were taken from 0 to 12 inches and the 
percentage of the various constituents determined. The results 
must therefore he figured on the basis of three million pounds 
per acre. In order to obtain a direct comparison of the results 
with those secured for the surface soils of the main soil areas 
given in table V III it will be necessary to assume a uniform 
distribution of the constituents from 0 to 12 inches and re­
calculate the results on the basis of two million pounds of sur­
face soil (0 -6 2-3 ). This will undoubtedly make the figures 
somewhat lower than they should be particularly in the case of 
carbon and nitrogen which are apt to be present in larger 
amounts in the surface soil. Determinations were not reported 
of all constituents in Bulletin 119 so the results are necessarily 
somewhat incomplete. No potassium determinations were made 
and no inorganic carbon and in some samples organic carbon, 
nitrogen or phosphorus determinations were not made. The 
averages secured were therefore based on different numbers of 
determinations.
, Examining the averages for these gumbo soils and comparing 
them with the analyses of the soils of the main areas consider­
able differences in the content of plant'food from that of the 
main soil areas become apparent. In calcium the surface 
gumbo, 0 to 6 2-3 , showed a content of 18,298 lbs., which was 
greater than that of any soil area except the Wisconsin drift. 
In the subsurface it contained considerably more than the other 
areas and in the subsoil it was surpassed only by the Wisconsin 
drift. The inorganic carbon content was very similar to that 
of the main soil areas but the results were so variable and 
based on so few analyses that they can hardly be considered con­
clusive. In total organic carbon, the gumbo contained more 
than all the soil areas except the Wisconsin drift at the sur­
face and the subsurface and more than all the soils at the sub­
soil. Similarly in nitrogen it contained more at the surface 
and subsurface than all except the Wisconsin drift soils but in 
the subsoil it contained less than any o f . the soils. The close 
relation between carbon and nitrogen which was observed in the 
main soil areas ^was also found here and the carbon-nitrogen - 
ratio will also be found to be interesting. In phosphorus the 
gumbo soils ran somewhat lower than all the soils at the surface 
but in the subsurface they stood next to the Missouri loess which 
was the highest, while in the subsoil it was third, containing 
less than the Missouri loess and the Wisconsin drift; The potas­
sium content -of the gumbo at the surface was about the same 
as in the loess soils, 33,000 lbs., and more than in the drift soils 
and at the subsurface and subsoil it was also about the same 
as m those other soils 67,000 and 97,000 lbs, per acre. These
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figures were very close to those for the Missouri loess which 
were somewhat greater than for the other loess soils and hence 
the gumbo soils may he classed as containing more than the 
loess soils except the Missouri loess.
With regard to uniform distribution of the various constitu­
ents of the gumbo, the calcium seemed to he quite uniform, 
running slightly more than twice as much in the subsurface as 
in the surface and slightly less than three times as much in the 
subsoil. The inorganic carbon was too irregular and the results 
too few to be conclusive. The organic carbon and the nitrogen, 
as was the case with the extensive soil areas, was largely present 
in the surface and subsurface samples. Thus in the case of the 
organic carbon, there was 59,000 lbs. in the surface and 96,000 
lbs. in the subsurface, instead of the 118,000 lbs. which might 
be expected ; in the subsoil there was" only 55,000 lbs. The 
nitrogen in the surface was 5,214 lbs., and in the subsurface 
6,122 lbs. instead of the 10,000 necessary to show uniform dis­
tribution, and in the subsoil there was only 2,727 lbs. instead 
of the expected 15,000 lbs. The humus content of these soils 
evidently decreased very rapidly below the surface soil. With 
the phosphorus there was nearly uniform distribution* the 
amounts found being 1,200, 2,400, and 3,000 lbs. respectively for 
the three depths, there being a slight decrease in the subsoil 
from the amount expected for uniform distribution. The potas­
sium was uniformly distributed throughout the soil, 33,000 lbs. 
in the surface soil, 67,000 lbs. in the subsurface soil, and 97,000 
lbs. in the subsoil.
It is evident, therefore, that the difficulty with gumbo soils 
is not due to their lack of any essential plant food constituent, 
as they contain about the same or more than the soils of the 
five large areas in the state. The physical condition of these 
soils must be remedied and when that is accomplished these soils 
will become productive and the store of plant food lying 
dormant in them will become available for crop production.
Methods of treatment of gumbo soils to bring about their 
fertility, involving purely physical methods, such as are given 
in the bulletin mentioned above, are therefore strongly to be 
urged and possibly the only constituent necessary for appli­
cation to these soils to insure their continued fertility is 
phosphorus.
TEE ANALYSES OF THE PEAT SOILS.
The analyses of the peat soils are given in table X X II. Only 
one sample of peat was secured among the samples of soil
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TA B L E  X X II . A N A L Y S E S  OF P E A T  SOILS.
Results are given as pounds per acre in 1 million pounds, o f surface soil (0-6§"), in 2 million lbs. o f subsurface soil (6§"-20") and in 3 
million lbs. o f subsoil (20"-40").
Local
County
ion
Township So
il 
N
o.
La
b. N
o. Soil
Stratum
Stratum
Sampled
Cerro Gordo _ _ Portland _ ___ 39 115 0 to 6§'
P o r t la n d 116
Portland 117 20" to 40"
Webster __ :_____ 1H
W eb ster___ __ 3H
Webster ____ 5H
Wright 7H 0 to 9.9."
Kossuth 11H 0 to 40"
K ossuth___ 13H
Wright 15H
Wrifirht 332H 0 to 18"
Wright __  ___ 346H 0 to 6"
Wright ______ 350H S u rfa ce______ 0 to 18"Wris-ht 354H Surface _______ 0 to 18"
V
ei
tc
h
Te
st
Li
m
e­
st
on
e 
re
­
qu
ir
ed
To
ta
l
ca
lc
i­
um In
or
- 
ga
ni
c 
ca
rb
on
 j
a M -r 03 «5 03 Sod n
To
ta
l
ni
tr
o­
ge
n
To
ta
l
ph
os
­
ph
or
us
To
ta
l
po
ta
s­
si
um
+
+
+
42,539 
*97,868 
*74,664 
11,100 
13,000 
9,300 
'34,300 
10,600 
7,500 
7,000 
12,100 
. 6,300
6,096
*1,130
*321
194,350
*453,000
*545,140
15,311
*31,510
*39,621
12,100
13,900
4,400
15,200
12.300 
5,900 
5,800
18.300 
8,100
1515
*2624
*3132
900
820
1200
1200
560
500
600
1150
690
1030
1050
7.800 
*19,600 
*23,700
6,400
5.800 
7,600 
6,200
(These results are calculated on basis o f 4 million lbs. subsurface soils and 6 millions lbs. subsoils.)
Webster __ ____ 2H
Webster 4H
W righ t________ 6H
Wright. 8H
Kossuth „  _____ 14H
Wright _________ 16H Subsoil
Averages:
Surface
Subsurface
Subsoils
7" to 18" 
5" to 30" 
7" to 16" 
22" to 28" 
16" to 40" 
20" to 40"
37,200
26,000
31,600
84,800
51.000
36.000
15,373
44,900
43,500
11,400
6.400
8.400 
21,200
9,000
12,000
3600
2160
6400
3600
2400
3000
42,400
42.000
34.000
11,130 934 6,760
11,850 3940 39,466
10^ 500 2700
*Not included in the averages.
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taken expressly for this work. Seventeen other samples were 
obtained in, connection with another problem and the results of 
the analyses of these samples are included here for purposes of 
comparison. These samples were taken at varying depths, de­
pending on the extent of the peat deposits; for instance, it will 
be seen that some of the so-called surface samples were taken 
to depths of 22 inches, 28 inches, 40 inches, etc. Four sub­
surface samples and two subsoil samples were secured repre­
senting not peat, hut the blue or black clay which is the cus­
tomary foundation upon which the Iowa peat deposits rest.
The results of the analyses of the surface peats were calcu­
lated on the basis of one million pounds of surface peat per 
acre (0-6 2-3"). For the one sample of. peat, No. 39, which was 
separated into three parts for the three depths, the results for 
the subsurface and subsoil were calculated on the basis of two 
million pounds of subsurface soil (6 2-3"-20"), and three million 
pounds of subsoil (20"-40"). This same calculation was used in 
the case of those special samples of peat which were obtained 
either through the subsurface depth or through the subsoil 
depth. In these latter cases it was necessary for the sake of 
comparison to assume uniform distribution of the constituents 
and recalculate the results of the analyses of the peat samples 
on the basis of surface soil (0-6 2-3"). Some slight variations in 
the exact depth of sampling for surface, subsurface, and sub­
soil samples were disregarded in the calculations as the effect of 
these variations on'the results was negligible.
In the case of the subsurface and subsoil samples of the blue 
and black clay which underlie the peat, the analyses were, cal­
culated on the basis employed for ordinary soils, four million 
pounds of subsurface soil and six million pounds of subsoil.
The analyses of these peats were not complete, only a por­
tion of the constituents which were estimated for the other soils,- 
being determined. Thus no inorganic nor organic carbon deter­
minations were made except for soil 39 and no tests for acidity 
were made in any of the soils except 39. Furthermore the potas­
sium determinations were not complete.
The average analyses of these soils in the various constituents 
have been calculated and the discussion of the results^ will be 
based on these averages. It is recognized, of course that peat 
soils are exceedingly variable in composition. An examination 
of the table will reveal that fact very clearly. This variation in 
composition of peat soils is to be expected when the method of 
their formation is recalled. It seems therefore, that the on y 
means by which it is possible to arrive at any conclusions or to 
make any comparisons is by averaging the results of several 
analyses. Thus while these averages may .cover n wide range in
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the analyses, they may be accepted as being satisfactorily repre- 
sentative of typical Iowa peat soils. * P
• The ®a^ cl.um content _ of the peats reveals the fact that there 
is no deficiency m this element in these soils. The amount 
present m the surface was greater than that in any of the main 
soil areas except the Wisconsin drift, which showed a somewhat 
larger amount, 19,000 against 15,000 lbs. In the subsurface there 
was almost twice as much calcium in these samples (44 900 lbs ) 
as m the Wisconsin drift which contained 29,000 lbs., the largest 
amount among the main soil areas, and more than twice as 
much as m the Iowan drift soils which were the poorest in 
calcium. In the subsoil of the peat samples there was more 
calcium than in any of the five large areas except the Wisconsin 
drift soil. As will be recalled, in this soil area, there was found 
a very large amount of calcium in the subsoil but the number 
of samples examined was not large and definite conclusions were 
not drawn. With the exception of this soil area however, the 
peat soils showed a much larger amount of calcium in the sub­
soil than the main soil areas contained.
Unfortunately only one inorganic carbon determination was 
made so that the proportion of calciuih which was combined as 
the carbona'.e and the proportion as the silicate could not be 
ascertained. Only one sample was tested for acidity by the 
Veitch method and that was found to be alkaline in reaction, con­
taining sufficient basic material to keep it sweet in ¡«spite of the 
excess of organic matter present. It would appear from these 
results therefore, that most of the Iowa peat soils probably con­
tain sufficient lime and applications of that material are unnec­
essary in their reclamation. This statement however, must not 
be understood to mean that none of the Iowa peats require lime. 
That requirement is a possibility as an extensive examination 
of these special areas has not yet been made. It does mean 
however, that as a general rule for a typical Iowa peat, lime is 
present in sufficient amount. In this characteristic Iowa peats 
seem to be quite different from most peats and investigations 
regarding the best methods for their treatment therefore in­
volve some special problems.
Only one sample was examined for organic carbon and that 
soil showed three times as much of that constituent as the 
Wisconsin drift which contained the largest amount among the 
five soil areas, and over four times as much as the Iowan drift 
■which was poorest in this element. The subsurface and subsoil 
samples were correspondingly large and showed the abundance 
of organic matter in the peat soils.
Considering now the nitrogen, it is seen that there was a 
variation from 4,400 lbs. to 15,300 lbs. per acre in the various
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samples examined. All of the samples however, except the first 
one just mentioned (containing 4,400 lbs.) showed a greater 
content in this element than any of the main soil areas andt e 
average content was 11,000 lbs. against 5,400 lbs. for the Wis­
consin drift which contained the largest amount and against 
4 000 lbs for the Missouri loess which showed the smallest 
amount of this element. It is evident therefore that these soils 
contain an abundant supply of nitrogen and with the:main­
tenance of satisfactory bacterial activities, sufficient available 
nitrogen should be produced for the feeding of the crops. In 
the subsurface soils of these peats there was a. 
amount of nitrogen than in those of the main soil areas, whi e 
in the subsoil the difference was still greater. In th e s e jo i l s ^  
largest amount of nitrogen was m the surface samples as was 
expected and the underlying clays contained much »  
amounts. The decreases in nitrogen content from the^surfac 
samples to the subsurface and subsoil samples 
not so great as those shown m the case of the five large so
The average amount of phosphorus in these soils, m the 
surface soil 0-6 2-3", was less than that m any of the large soil 
areas, 934 ■  against the 1,538 lbs. in 
richest, and against 1,289 lbs. m the Iowan
this constituent. There were some samples which w n d  
as 500 lbs. per acre, while only one IM ffirT fT n M M M M M  
present in the Missouri loess soil and that on? c0“ f  b.
lbs, per acre against 1,538 lbs. m the Missouri loess The sub 
surface samples however, showed a larger amount of piEg 
phorus in the case of these soils n B B B H  
L a s , 3,900 lbs. against 2,600 lbs. m the best 
subsoil the amount of phosphorus
for the samples underlying peat and for those H H H W  
subsoil samples of the main soil areas. + e^ 1)eat
that there is somewhat of a deficiency m p , P .  subsoil
itself, or the surface samples, while the M j l l H  excessive
samples of the H H S |  fertility of these
amount of this element. In the p nnrpfnllv con-
soils then, the phosphorus supply mus_ e .  ^ woux  ^ un.
sidered and applications of some phosp
doubtedly be necessary sooner or later. —  Thpv
The potassium content of the peat B j H W M j f e lh Ireas 
contained in the surface only 6,000 lbs. while the mam soil areas
Z w e d  about  ^ 30 000 lbs. (22,000-33,000). There was consid­
erably more potassium in the subsurface (39,000 H H  H  
with this large increase the amount present g — — j  
was found in the case of the five large areas. In the subsoi
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there was only one analysis made and hence no comparisons 
can he suggested.
There can be no doubt from these results hut that there is 
somewhat of a deficiency in potassium in these soils. Most 
Iowa peats, however, are not deep and in every -case are under­
laid by heavy clay subsoils which contain sufficient potassium 
for satisfactory crop growth. Experiments have confirmed this 
point, applications of potassium to peat soils proving of no 
value in increasing crop yields. Evidently the roots of the 
plants penetrate through to the clay subsoil, where they find 
sufficient potassium for their needs. It is not recommended 
to apply commercial potassic fertilizers to shallow Iowa peats, 
at least in the immediate future.
Space will not permit of any extended discussion of methods 
of treatment of peat soils hut it is obvious from the above figures 
that plant food constituents are unnecessary at present. Proper 
physical treatment of the soil with respect to drainage, cultiva­
tion, etc., is particularly needed and when this is practiced, 
together with the proper system of cropping, the soils may be 
made profitably productive. For the permanent fertility of 
these soils the use of some phosphatic and potassic materials 
together with the ordinary requirements for permanent fertility 
(barnyard manure, green manure, etc.) are necessary. With 
applications of these materials and observance of the suggestions 
concerning the physical treatment of the soils the crop produc­
ing power of these soils may be indefinitely maintained.
RELATION OF THE AMOUNT OF PLANT FOOD IN 
IOW A SOILS TO THE CROPS REMOVED.
Considering the total food content of Iowa soils, as shown by 
the analyses, it is interesting to compare that with the total 
amount of plant food removed by the common crops of the 
state. Laying aside for the present the question of availability, 
such a comparison will make possible an estimate of the “ life”  
of the soik In this comparison the facts given in table I as 
to the plant food content of the main crops and the maximum 
yields will be taken as a basis. This will make the estimate of 
the life of the soils somewhat low, but fairly close to the correct 
figures.
Considering first the corn crop, which makes the heaviest 
draft of all the grain crops on the plant food elements in the 
soil, when maximum yields are assumed, it is found that 100 
bushels of corn (grain) will remove 100 lbs. of nitrogen, 17 lbs. 
of phosphorus, und 19 lbs. of potassium while the three tons
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of stover from this crop will take out, in addition, 48 lbs. of 
nitrogen, 6 lbs. of phosphorus, and 52 lbs. of potassium. In 
the surface soil therefore, there is enough nitrogen in the 
Wisconsin drift, which has been shown to contain the largest 
amount, to grow 54 such corn crops if the grain alone is re­
moved and only 37 crops if the stover also is taken from the 
land. In the other soil areas there is nitrogen enough for fewer 
crops down to the Missouri loess soil which contains the least. 
If the corn (grain) alone is removed the nitrogen in the Mis­
souri loess will last 40 years, if the stover also is removed it 
will last only 27 years.
The hay crop which draws the heaviest on plant food con­
stituents is alfalfa. The maximum yield of eight tons per 
acre, which is occasionally obtained, hut rarely exceeded in 
practice, removes 400 lbs. of nitrogen, 36* lbs. of phosphorus, and 
192 lbs. of potassium. I f all the nitrogen in this crop were 
obtained from the soil there would be enough for only 13 years 
in the Wisconsin drift soil which contains the largest amount, 
and for only 10 years in the Missouri loess, which contains the 
least. In fact, however, all the nitrogen in the tops of well- 
inoculated alfalfa plants comes from the air and the removal 
of such a crop does not deplete the nitrogen content of the soil. 
In some cases, where the soil is already low in nitrogen and 
thorough inoculation of the plants is secured, the growing of 
alfalfa may give an actual increase of nitrogen in the soil. 
Even the roots of the plants may then return to the soil more 
nitrogen than was taken out by the growth of the crop. With 
non-leguminous hay crops like timothy, however, the nitrogen 
content of the soil is depleted almost as much as by the growth 
of the grain crops. Clover hay or other legumes may be classed 
with alfalfa and when thoroughly inoculated may be considered 
as not depleting the nitrogen content to any appreciable extent.
THE SUPPLY OF NITROGEN AND PHOSPHORUS FOR 
GRAIN CROPS.
In general then, when grain crops and non-legumes are grown 
there is evidently enough nitrogen for only a limited number 
of years. If the total nitrogen content of the soils to a depth 
of 40 inches, which is given in table X X III, is considered, it is 
found that the maximum corn crop may be grown for only 
119 years in the best soil. In the poorest soils there is enough 
nitrogen for only 90 years. If the stover is returned, the life 
of the soil with regard to nitrogen content will be lengthened 
to 177 years for the best, and to 133 years for the poorest soil
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area. Even with the return of the nitrogen in the stover it is 
evident that the nitrogen m the soils of the state will last for 
only a limited time. Inasmuch as corn and other grain crops
H t a g  the state, some provision must be 
made for their continued growth by keeping up the nitrogen 
content c f the soils. _ This may he very readily done by drawing 
nitrogen from the inexhaustible supply in the atmosphere by 
growing well-inoculated legumes and then turning them under 
for green manures. There is no need, except in extreme eases, 
of purchasing nitrogen in the form of commercial fertilizers 
when well-inoculated legumes will serve the same purpose at 
less expense.
As to the phosphorus and potassium content of soils, the situa­
tion is entirely different. When these elements are lacking they 
must be supplied by the addition of commercial fertilizers. 
Many questions arise in this connection regarding the kind of 
fertilizers to use, the relative merits and cost of soluble and 
insoluble forms, and finally the economic question of supply 
and demand. The last question is of special importance, for 
the supply of phosphorus and potassium for fertilizers as far 
as now known is not inexhaustible. At some more or less far 
distant date^ unless new methods of preparation are devised 
or new deposits are discovered, these elements may not be avail- 
H H  commercial form in sufficiently large amounts to meet 
the demand. These facts emphasize the importance of keeping 
up the content of the soils in these elements, for while it is 
possible to make a very poor soil productive, it is more ex­
pensive and more difficult to bring a soil back to a fertile state
T A B L E  X X II I . TO TAL E S S E N T IA L  P L A N T  FOOD CONSTITU­
E N T S IN  SOILS.
________________Pounds Per Acre of Twelve Million Pounds—(0—10").
SOIL AREA Nitrogenlbs.
Phosphorus
lbs.
Potassium
lbs.
Missouri loess ____ 13,398 197,629
Mississippi loess ____ _ 13,379 187,119
Southern Iowa loess__ 13,969 191,687
Wisconsin drift _ 17,724 162,042G£flo
Iowan drift _ 13,614 6385 142,646
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than to keep it in such a condition and fertilizing materials may 
become more and more costly with increasing demand and de­
creasing supply.
PLANT FOOD SUPPLY OF DIFFERENT SOIL AREAS.
The Missouri loess, which is richest in phosphorus and potas­
sium on which corn makes the heaviest draft of all grain crops, 
contains in its surface soil enough phosphorus for 90 crops of 
corn and enough potassium for 1,782 crops, if only the gram 
is removed If the stover also is removed, there is enough 
phosphorus for only 66 crops and potassium for only 477 crops. 
Even if the phosphorus in the soil to a depth of 40 inches is 
considered, it may be calculated from/table X X III  that there 
is enough for only 352 corn crops where the entire crop is 
removed. Considering the potassium content of the soils to 
a depth of 40 inches, however, there is enough m the Missouri 
loess to support 2,783 crops of corn, including the stalks, and 
enough for 10,401 crops if the stalks are not removed. In the 
Iowan drift, the poorest soil in both phosphorus and potassium, 
there is enough phosphorus in the surface soil for only 75'crops 
of corn and potassium for 1,170 crops if the stover is returne 
to the soil. If the stalks are removed, the phosphorus would 
supply only 56 crops and the potassium 313 crops. It tue 
entire phosphorus and potassium content of the soils to a depth 
of 40 inches are considered, the total amount would support 
only 277 crops from the phosphorus standpoint and but 2,uuy
crops from the potassium standpoint.
Alfalfa hay, in a maximum yield of 8 tons, .will remove 36 lbs. 
of phosphorus and 192 lbs. of potassium, considera y more an 
is removed by the corn crop. There is enough phosphorus m 
the best soil, the Missouri loess, to a depth of 6 2-3 inches fo 
42 crops, and in the poorest soil, the Iowan drift, f° r 35 c p • 
If a depth of 40 inches is considered there is enough phosphorus 
for 225P crops on the best soil and for 177 crops on the 
soil. In the case of potassiuni, even although alfalfa removes 
such a large amount in each crop, there i s ■ ■ ■ ¡ |  n the
Missouri loess soil for 1,029 crops and in e inches
742 crops, if we consider the plant food to a depth of 40 inches 
If only that in the surface soil is considered, 
enough in the Missouri loess for 476 crops, m the Iowan drift
for 115 crops. I „ I _H
The plant food constituents in the other soil areas range be­
tween the amounts for the Missouri loess and Iowan drift so 
the life of the soil of these other areas with regard to these
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constituents lie between the estimates just given for these two 
areas.
Conclusions Drawn From Analyses.
The most important conclusions to be drawn from these facts 
are these: There is not an inexhaustible supply of either phos­
phorus or potassium in the soils of the state, although there is 
considerably more potassium than phosphorus and keeping up 
the potassium supply hardly needs as much emphasis at this 
time. Under the least draft by the money crop of the state 
on the best soil, assuming that all the phosphorus and potassium 
present are in a form available for plant nourishment, the 
phosphorus in the surface soil would be exhausted in 90 years 
and the potassium in 1,782 years. This is assuming that the 
corn stover is all returned to the soil and that there is no loss 
of its constituents in that return. If the stover were removed 
there would be enough phosphorus for only 66 years and po­
tassium for 477 years. As has been pointed out, if the content 
of the soil in these constituents to a depth of 40 inches is con­
sidered the “ life”  of the soil may be considerably lengthened.
In presenting these figures it is assumed that the plant food 
becomes available rapidly enough to satisfy the needs of the 
growing plants. As a matter of fact, however, the food con­
stituents are frequently present in amounts large enough to 
support maximum plant growth and yet such maximum growth 
is not obtained unless some fertilizer containing them in a 
soluble form is applied. Plants must have these elements in a 
soluble form and if they are not present in this form, crop 
growth will suffer. The total amount of plant food constituents 
determined by analyses, therefore, does not show the amounts 
that are available for plant growth. But it does show the store 
which may be made available by proper soil treatment.
Bacteria are the agents which bring about the solution of the 
insoluble compounds in the soil and they must have proper 
moisture, air, food supply, etc., for their best growth. Conse­
quently, it is not only essential that fertilizers be applied to 
many soils to keep up the plant food supply, but it is just as 
essential, if not more so, that there be proper cultivation to 
keep the moisture and air conditions right, that the soil be 
kept “ sweet”  by means of ground limestone, and that an abun­
dance of food material, green manure and barnyard manure be 
supplied so that the bacteria may perform their work success­
fully and to the best interests of the crops as a whole.
Practical methods for keeping up the plant food content of 
the soil and also for insuring the best bacterial activities for 
changing insoluble material into available form will be discussed 
more fully in the following pages.
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t h e  c a r b o n  n i t r o g e n  RATIO IN IOW A SOILS.
Much emphasis is being placed upon the quantity, of organic 
matter present in soils hut it is becoming more and more evi­
dent with the continued study of soil problems that the quality 
of the organic matter exerts also a very important influence on 
the fertility of the soil.
Thus large amounts of organic matter have a well known effect 
in improving the physical conditions in heavy, clay soils, making 
them more open and porous and in light, sandy soils, making 
them less open and more retentive of plant food. Chemically, 
organic matter has been found to add some essential plant food 
constituents to the soil.
Furthermore, it is now known that the transformation of m- 
soluble matter into soluble and available* form in the soil, which 
is brought about by bacterial action, is facilitated by the presence 
of an abundance of organic matter. The improved physical con­
ditions in the soil lead to greater bacterial activities and the or­
ganic matter also supplies food for bacteria and hence encourages 
them to increased multiplication and activity. The organic mat­
ter is rapidly decomposed and the mineral plant food contained 
in it is made rapidly available. The insoluble mineral matter 
of the soil itself is also acted upon more rapidly and the soluble 
plant food produced in greater quantities. The quantity of 
organic matter added to a soil, therefore, exerts a very important 
influence on its fertility because o.f the effect on physical, chem­
ical, and bacteriological conditions.
All organic matter does not have the same effect on sods. It 
may have the same physical effect hut the chemical and bac­
teriological effects have been found to be very largely dependent 
on its chemical composition. This is due to the fact that or­
ganic materials of differing chemical composition^ decompose 
differently and at varying rates in the soil. Organic matter is 
composed mainly of carbon, oxygen, hydrogen, nitrogen, phos­
phorus, and sulfur, with smaller amounts of other chemical 
elements. These elements are united in complex compounds 
which may be divided into two large classes, the carbohydrates, 
containing only carbon, hydrogen, and oxygen, and the proteins 
containing also nitrogen, phosphorus and sulfur.  ^When intro­
duced into the soil these substances decompose quite different y 
with the production of a large variety of complex compounds, 
but eventually the simplest oxidized compounds, sUch as carbon 
dioxide, nitrates, sulfates, and water, are produced^in e^it^  ei| 
C£IS6
A little more than one-half of organic matter consists of car­
bon and hence the determination of the total carbon in the
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organic form m the soil will lead to a closely accurate estimate 
ot the amount of organic matter. I f  there is 50,000 lbs. of or­
ganic carbon present per acre, then it may be assumed that 
there is nearly 50 tons of organic matter present. Consulting 
the preceding tables giving the analyses of the soils of the state 
it will be seen that in the surface soils, (0 to 6 2-3 inches')' 
there is from 48 to 69 tons of organic matter per acre. This 
gives some idea of the total amount in Iowa soils hut it does 
not give any knowledge of the rate at which this material may 
be decomposed. In other words, something more than knowledge 
oi this total amount of organic matter is necessary if the need 
or organic matter in Iowa soils is to be ascertained. It has 
been found that the ratio of carbon to nitrogen in organic matter 
shows quite definitely its age, by indicating the extent of de­
composition which it has undergone. Consequently the carbon- 
nitrogen ratio in soils may show the condition of the organic 
matter in those soils., Fresh organic matter contains from 16 
to 70 times as much carbon as nitrogen and it might be assumed 
that when applied to the soil the relative amounts would' re­
main practically constant, if decomposition proceeded uniformly. 
As a mafter of fact, however, the carbohydrates' ferment much 
more rapidly than the proteins and hence the relations of Carbon 
to nitrogen are quite different in organic matter before 'and 
after incorporation with the soil. It is evident that the relation 
between the organic carbon and the nitrogen in soils, or the 
carbon-Uitrogen ratio will become narrower as the organic mat­
ter ages and decomposition becomes more and more complete. 
For instance the ratios of nitrogen to carbon in materials which 
are applied to soils are:
Corn Stover . . . . . . . . . . . .
Oats S traw .......... : . . . .
Wheat Straw \
Timothy Hay
Clover Hay . . . . . . . .
Cowpea Hay ......................
Alfalfa H a y ........
Farmyard Manure .......... . .
As these materials decompose the carbon is oxidized much
more rapidly than the nitrogen and the ratio o f nitrogen to 
carbon becomes narrower as the age of the organic matter in­
creases. The old organic matter in subsoils which is the mare 
difficultly Soluble part, commonly contains only 5 to 6 times as 
much carbon as nitrogen. Good soils, it has been claimed should 
contain 12 to 14 times as much carbon as nitrogen while ■ old 
worn-out soils which aré in need of fresh organic matter may 
show only 10 times as rnqeh carbon as nitrogen. While the
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TABLE X X I V . C A R B O N -N IT R O G E N  R A T IO  IN  IO W A  SOILS.
SOIL AREA
Missouri loess---------
Missouri loess-------
Missouri loess---------
Mississippi loess
Mississippi loess -----
Mississippi loess 
Southern Iowa loess. 
Southem Iowa loess. 
Southem Iowa loess_
Wisconsin d r i f t ------
Wisconsin d r i f t ------
Wisconsin d r i f t ------
Iowam drift -----------
Iowan drift -----------
Iowan d rift------------
Depth of Sampling
No. of 
Samples 
Analyzed
40
40
40
26
26
26
26
26
26
21
8
8
21
21
Subsoil--------------- — 20
Carbon to 1 
of Nitrogen
12.1
12.8
13.3
12.4
12.4 
12.1
12.4 
12.8
12.5
12.7 
12.3
12.8
12.6 
12.9 
12.5
ratio of carbon to nitrogen becomes narrower and narrower as 
the organic matter ages it has never been found to become as 
narrow as the ratio shown in the common proteins contame 
in organic matter added to soils, which have been given thus :
Albumen . . . . ................ ........................... ................  ' ■
Nuclein ....................
In a general way therefore the carbon-nitrogen ratio m sous 
will show whether the organic materials are so old that tney 
have passed through the stage of active destruction and become 
less useful in the soil and further it will show the need of the 
introduction of fresh organic matter into the soil Indirectly 
it gives considerable evidence regarding the rate at which the 
mineral plant food is made available for if
in a rapid state of destruction there is no doubt of a rapid 
production of soluble mineral plant food If the organic matter 
is old and very difficultly decomposable the production of aval - 
able material will be slow and probably quite inadequate 
Examining table X X IV  which shows the carb^ ' n^ 0^  
ratio in the various soil types m Iowa not only m the sur 
soils but also in the subsurface soils and subsoils, it is seen 
in no case was the ratio narrow enough to show the lack 
easily decomposable matter. The drift a S M M B i  
samples showed a wider ratio than the
hardly sufficient variation to warrant any defi? f ® ^ nc1^  the 
A peculiar fact was brought out m the » ¡ M M S l l l l i B  
ratios in the subsurface soils and subsoils, n ,,
the ratio became wider down through the _ ree P > >
the subsoil (20"-40") showed a wider ratio B B B f l B f  soils 
This was not true to such a marked extent with the o 
although the southern Iowa loess and the Iowan drift s
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humus as may be indicated by the co loro f  ^ the snil i f T  
H P l ; «  Ë  satisfactory, no fear ’need be
must be recalled M W ? !  0pt,imum decomposition processes. It msc oe recalled that these ratios are calculated for the averse
preclude K  the reSults therefore do notp eciuae tne possible occurrence of some isolated soils in whinh
—  “ d the introduction of
seemed to be suffit 7  7e «f  material aid even though there seemed to be sufficient organic matter present.
THE MAINTENANCE OE FERTILITY IN IOWA SOILS.
croMecoTttouSous]0v ■  S° US 9  that ^  H i  Produce 
to IH m M M  fertde 1  measures are hot taken
no doubt bit tbit °.d rem0Ted- FBrtha™ore, there can be 
proper methods of | H  Cr0p? Woald be Produced now were 
parativeTv w l l  M  employed. Iowa soils are still com- 
ataudIo7e -a “ d M  crops P™a«eed are still large, but
■ l i i n i  I  at hand to show that maximum yields of 
ertam crops are not being obtained because of the absence of 
necessary constituents or because of tbp IaaIt 
Physical conditions in the s o i l ' “  °f  the pr°per
Maximum crops, subject only to seasonal conditions may be 
secured indefinitely, or in other words, the fertility ’oiTrop! 
producing power of Iowa soils may be maintained for all time
for thePeado8u?tom%0f fa™ mS are employed. Now is the time m m  adoption of such systems. While abundant amounts of 
certain constituents still remain it is a simple and easy matter
maihe abu“ dant,for the best crop growth and attention
rf H h H B  S B  eIe.“ ents whieh are likely to be deficient.
the u b v S f  WflLB E  of the pIant f00d has disappeared, the physical conditions will have become unsatisfactory and as
a, consequence bacterial activities will have been reduced to a 
minimum and it will then be a long, tedious and very expensive 
fight to bring the soil back to a fertile condition P
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If action is prompt, the means by which Iowa soils may be 
maintained in a fertile condition are comparatively ^ simple. 
Some of them are in vogue now and their importance is recog­
nized, hut others are slighted or entirely disregarded to the 
detriment of crop production.
C U LT IV A T IO N  A N D  D R A IN A G E.
In the first place the physical conditions of the soil with 
respect to moisture content should be carefully maintained as 
near the best as possible. Of course, this factor depends very 
largely on the season, but the farmer is not entirely helpless m 
the matter. I f the season is too dry, he may conserve moisture 
in his soils by maintaining a good mulch on the surface and j  
thorough cultivation. I f the season is too wet crop injury is 
lessened on well-drained soils. Cultivation and drainage are 
two of the most important farm operations m keeping the soil 
in favorable condition for crop production.
Poor moisture conditions are harmful to plants, not only be­
cause the shortage or excess of water restricts their grow , u 
also because these conditions restrict bacterial activities and con­
sequently reduce the supply of available plant food For in 
stance, the nitrifying bacteria, the soil orgamsms which b_ g 
about the production of nitrates are prevented r g _
work if there is too much moisture. They are also jestmcted o 
entirely prevented from producing nitrates w en e n 
content goes below a certain point. The activities of 
bacteria, which destroy organic matter, are re uce y .
able moisture conditions and there follows no on 7 «nT.Unn 
in nitrate formation but a decrease m the pro uc ion .
dioxide and organic acids which results m a smaller soluti 
of insoluble phosphorus and potassium compounds m tini soil. 
What happens when the decay processes are che^  ^  6 
sive moisture is well shown by the accurqu a ion o g 
ter in low-lying and swampy soils. The pro 
plant food is a direct result of the M H a M  
soil and when these conditions are not satisfactory the effect
appears in decreased yields. 1 „ B B B H I
Light sandy soils are more readily affected by lack of moisture
while heavy clay soils suffer more quickly from 
The need for drainage of Iowa soils depends v e r y . i l  P If 
the nature of the soil, but more particularly of the subso , 
the subsoil is a heavy, impervious clay a sur ace y ,
be very easily affected by excessive rainfall;;whde a h<^  W  .
soil under sand will be of advantage m preven mg .
drying out and the loss of valuable matter by leaching, iho 
need for drainage in Iowa is greatest in the Wisconsin drift
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area where by the use of tile many acres of land which were 
previously producing none or only very small, inferior crops 
have been made very productive.
The exclusion of air from soils excessively wet probably ac­
counts largely for the decrease in bacterial activities which has 
been mentioned. It also has a direct physical effect on the crops 
themselves, for without air in the soil plants will not grow. A 
good mulch on the surface of cultivated land during a dry 
season keeps many pounds of valuable moisture in the soil, and 
maintains bacterial activities satisfactorily. By the use of both 
green manures and farm manures the water-holding power of 
light soils is much increased and the effects of drought are much 
less apparent.
T H E  R O TA TIO N  OF CROPS.
In the second place, the rotation of crops is absolutely es­
sential for the maintenance of the fertility in the soil. Many 
results might be cited to show the decreased yields of various 
crops under continuous cropping. Experiments at the Iowa 
Agricultural Experiment station on the Wisconsin drift area 
show an increase of 30 to 50 bushels o£ corn per acre under a 
three-year rotation of corn—oats-—clover, over continuous crop­
ping to corn. Perhaps the chief reason for this is that -the 
humus or organic matter content of the soil is kept up much 
better when rotation is practiced.
The greater yield of corn under the three-year rotation men­
tioned above is probably very largely due to the smaller loss of 
humus under that system than under continuous corn cropping. 
In continuous corn cropping this greater loss of humus is 
brought about by cultivation and consequently increased bac­
terial activities and the absence of plants or weeds other than 
the main crop, which in oats, for instance, contribute consider­
ably to the organic matter in the soil.
A  second reason for the value of rotation lies in the fact that 
different crops make different demands on plant foods, some 
taking out a large amount of one element and the succeeding 
crop therefore suffering from a lack of that constituent. By 
alternating these crops with others which do not make a heavy 
demand on the same constituent a balance in plant food avail­
able for the crops is reached.
Finally, a third explanation of rotation value has been offered. 
This is that crops excrete certain compounds called “ toxic”  
substances which are injurious to the same crop but have no bad 
effect on certain other crops. Consequently, by alternating cer­
tain crops enough time elapses between two successive crops of 
the same plant for the toxic substance to be disposed of in the 
soil or rendered harmless. This letter theory has not been com­
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monly accepted, although there is certain evidence in support 
of it. If such toxic substances are excreted, there is no doubt 
but that there would he some influence on plants. Whether the 
amounts are large enough to bring about the effects evidenced 
in continuous cropping is extremely doubtful.
Rotations containing some legume are of the greatest value. 
This is due partly to the greater return of organic matter or 
humus. _ ’ r i
There are various rotations which may be used to advantage 
in this state. The four-year rotation of corn, corn, oats, and 
clover is perhaps the most commonly employed. In some cases 
wheat is introduced in place of one of the corn crops. Alfalfa 
may be made a part of a longer rotation of six or seven years 
and its use may be of advantage where clover has failed to prove 
satisfactory, as has happened in so mapy instances. Rotations 
specially adapted for various systems of farming will be given 
later.
For all systems of farming which contemplate the maintenance 
of a fertile soil some definite rotation should be adopted and 
that rotation should contain some legume. The large returns 
from some crop should not influence the farmer to grow that 
crop continuously when the rapid decrease in fertility of the 
soil is evidenced and a decrease in crop production is shown.
M ANU RIN G.
The next factors to be considered in the maintenance of per­
manent fertility in Iowa soils are the supply of organic matter 
and the nitrogen in the soil. The latter is directly dependent on 
the former and hence the two must be considered together. All 
organic matter in the soil, whether derived from plant and 
animal residues or from applications of fertilizing materials, 
contains nitrogen and the presence of an abundance of humus 
in a soil therefore indicates considerable amounts of nitrogen. 
In such cases all that is necessary to insure sufficient nitrogen 
for crops is the proper decomposition of the organic matter 
and this is brought about by bacteria under good physical and 
chemical conditions in the soil.
In all systems of farming materials must be added which 
will keep up the organic matter and nitrogen content of the 
soil. The materials which may be used for this purpose are 
farm manure and green manure. The former is the most 
common. Made up from the excreta of animals, litter, ^ uncon- 
sumed food and other waste materials, it contains abundance of 
organic matter and considerable nitrogen. Besides, it carries 
millions of bacteria which are of value because of their decom­
posing action when introduced into the soil, on the insoluble 
plant food constituents present.
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Additions of farm manure if large enough will maintain the 
soil m the proper physical condition, insure efficient bacterial 
action and keep up the nitrogen supply.
But if manure is to keep up the soil’s nitrogen supply great 
care must be taken in keeping the manure. The liquid excreta 
contains most of the nitrogen and is very readily lost from the 
manure. Improper methods of storing also result in large 
losses, whereas if properly stored manure may return about 
85 per cent of the plant food constituents in the feed to the 
soil. Consequently where all the produce of the farm is fed 
on the farm, as is usually the case in livestock farming, the 
return of the manure produced will play a major part in the 
maintenance of fertility.
However, very large amounts of manure are essential if that 
alone is to be relied on to supply the necessary constituents for 
crop production. The ordinary application of manure is about
0 tons. It has been shown that this amount will return about 
two-thirds of the potassium, two-thirds of the nitrogen and 
one-half of the phosphorus removed by normal yields of the 
four crops, corn, corn, oats, and clover, in the regular four- 
year rotation. I f  manure alone ^ere employed to keep up the 
plant food content of the soil, 15 to 20 tons per acre would 
be required. This is more than it is feasible to apply in most 
cases and consequently some other means must be employed. 
However, three-fourths of the needs of crops may be supplied 
and the best physical conditions in the soil may be maintained 
by the use of farm manure.
In some cases it would be better to supply other substances 
than farm manure to the soil, and often cheaper. For instance, 
in grain farming, where the production of manure is slight 
and the produce is mostly sold off the farm, the use of farm 
manure, would be expensive, particularly if it were bought at 
a distance and shipped. In some cases green manuring has a 
particular value to supply both organic matter and nitrogen. 
Even in livestock farming where about two-thirds of the ni­
trogen removed from the soil by'normal crops in the four-year 
rotation may be returned by the ordinary application of manure, 
green manures should be used for the addition of the other one- 
third of the nitrogen removed. Furthermore, the addition of 
the organic matter supplements the farm manure applied to a 
beneficial extent. In the case of grain farming the addition of 
the organic matter is of even greater importance because of 
the non-use of farm manures.
Leguminous crops are available in great variety for use as 
green manures and hence they may be used in any system of 
farming and in any rotation without interfering with the rota-
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tion. It is this characteristic which constitutes their great value. 
Many of the legumes may he grown in corn for: instance and a 
large amount of valuable matter added to the, soil at the same 
time that the regular crop of corn is secured. |
Emphasis should be placed upon the proper inoculation 
the legumes as without the necessary, bacteria, no nodules are 
formed on the roots and no fixation of nitrogen from the at­
mosphere can occur. If the bacteria are not present m the 
soil they should be introduced. The only sure test of 
presence of the proper organisms is the previous well inoculated 
growth of the same legume. I f the legume has never- been 
grown on the soil, or has not been grown successfully, or ha* 
been grown without inoculatiop inoculation should 
This may be accomplished by the use of soil from a field where 
the legume has previously been successfully grown and veil 
inoculated or by the use of pure cultures. These .Pu^ ® c u l t e s  
are not always satisfactory and the use of soil is still recom
mended. THE USE QF pH0SPH0RUS.
A study of the analyses given earlier in this bulletin will 
convince the most skeptical that there is no great abundance of 
phosphorus in the soils of the state, and a me ,
employed to keep up the content of this element or satisfact y 
crops will not be secured. Ordinary apphcationa of f ir a  
manures under the best conditions return only 
phosphorus removed from the soil by norma crops 1 
four-year rotation and while the use of this ^ ate^ aJTi1.eij f pll^ S 
the “ life”  of the soil from the phosphorus standP01.^  1  
proach of the time when this element will be ■ B B I I  and 
near to be disregarded. Crop residues, corn s v > ’ ^
even green manures, are of importance when PP PjijüMÜ no’ more than return the H B D  
has been removed in their growth. Therefore, E Œ H Œ ? . !  
some form must be applied to the soils 1 ey avail
tained permanently fertile. As the materials w h i c h a™ t 
able on the farm eannot supply this Pho^ orus’J e^ f” ™a 
be had to some commercial fertiliser 
in which phosphorus may be employed, hone 
phate, and acid phosphate.
materials previously so that it will he unnece  ^ M  
a lengthy discussion of them here Bone H H  H —
nated because of the extremely H b R Pp , A soluble
choice rests between the insoluble rock phosphate and the solub e
acid phosphate. I H R
It is unfortunate that enough facts are not at hand to war­
rant a definite recommendation as to a choice between these
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materials. Such facts can he accumulated only by many ex 
periments extending over a considerable period of time and at 
much expense. Small appropriations and lack of facilities ac­
count for the fact that the Iowa Agricultural Experiment sta­
tion cannot now make definite recommendations. Experiments 
are now under way to solve this problem and as soon as pos­
sible choice will be made between the two forms of phosphorus 
based upon the actual results and the relative cost of the two 
materials.
For the present it is impossible to do more than urge all those 
interested in the matter to make comparisons of the two ma­
terials on their own farms. In such work the Soils Section is 
always glad to advise and to co-operate. Any farmer interested 
in this matter may obtain definite information regarding such 
tests from Circular No. 15 of this station and by correspondence 
with the Soils Section.
LIM IN G .
A  consideration of the tables given earlier in this bulletin 
will show that some of the soil areas of Iowa are quite deficient 
in lime. Many crops refuse to grow in such acid soils and hence 
in the Iowan drift, the southern -Iowa loess and the Mississippi 
loess, the failure to produce profitable yields of certain crops 
may be due to acid conditions. For bringing these soils to 
a productive state applications of limestone are absolutely 
necessary. 1 ■ 1 : : I |] | t |
Furthermore, all soils tend to lose basic material which keeps 
the soil sweet, chiefly calcium carbonate, by leaching. For the 
permanent fertility of all soils lime must be added from time 
to time to keep it from becoming acid and to supply calcium. 
Such crops as alfalfa make heavy demands on the calcium as a 
plant food and for their growth abundance of this element is 
necessary. Then, too, for alfalfa and other legumes the presence 
of lime in the soil is necessary for inoculation.
Any farmer may test his soils for acidity and explicit direc­
tions for such tests may he found in Circular No. 2 of the Iowa 
Agricultural Experiment station.
Limestone is easily obtained in this state at a small cost, 
depending very largely on the distance the material must be 
shipped. There is no excuse, therefore, for any land owner 
neglecting this very important practice. Firms from whom 
limestone may be obtained are listed in the circular already 
mentioned and the prices are also given. Other information re­
garding the need of lime in the soil and losses which may be 
sustained are given in the same circular.
No definite recommendations with regard to the amount of 
lime to apply can he made, as this depends entirely upon local
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conditions. The fact may merely he emphasized here that 
sufficient lime must he applied to remedy the acidity of the sur­
face soils and then an additional amount of one or two tons 
employed to insure the best conditions in the soil for the growth 
of all crops except alfalfa, for which three tons beyond that 
required to neutralize the acidity of the soil should be added. 
Every farmer who wishes to make his soils productive and keep 
them so should test his soils for acidity or have them tested 
and maintain the supply of lime in the soil just as carefully as 
he maintains the proper physical conditions by the application 
of manures and by cultivation.
Permanent fertility in Iowa soils then is dependent on five 
factors: the regulation of the moisture content by cultivation 
and drainage; the rotation of crops; the use of farm manures 
and green manures; the addition of some phosphatic material; 
and the application of limestone.
With all these factors observed, the physical conditions in the 
soil may be kept at the best, bacterial activities will be satis­
factory, and maximum crop yields dependent only on climatic 
conditions may be secured. Further than this not only may 
maximum crops be secured but the soil may be kept in the 
optimum productive state.
Iowa soils do not need to wear out. The application of the 
principles given above will prevent it but if these conditions 
for permanent fertility are not followed, sooner or later the 
soils of the state will be as poor as those in some sections of 
the east.
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T A B L E  III. A N A L Y S E S  OP M ISSOURI LOESS SOILS— Surface ( 0 - 6  2 -3 ") .
Calculated as pounds per acre of two million pounds.
County
C arroll______
Crawford ____
Crawford ____
Shelby ______
Shelby ______
Shelby ___ ___
Shelby ______I
Shelby ______
Pottawattamie
Pottawattamie
Pottawattamie
Pottawattamie
Monona ______
Monona ______
Monona ______
Monona ______
Woodbury ___
Woodbury ___
Woodbury ___
Woodbury ___
Plymouth ___
Plymouth ____
P ly m ou th ___ _
Plymouth ____
Sioux ________
Sioux ________
Sioux ________
Sioux ________
Page _________
Page _________
Page _________
Page _________
Montgomery
M ontgom ery_
M ontgom ery_
M ontgom ery_
Location
Township
Warren .
I o w a _1
I o w a __
Center -
Fairview
Fairview
Fairview
Fairview
Hardin .
75 _____
75 __________
Hardin ____
Belvidere — .
Belvidere ___
83 __________
Franklin ____
Concord ___ _
Concord ____
Concord ____
Concord ____
Elgin ----------
Elgin _______
Grant ___j___
Grant _______
Grant _______
Linn _______
Lion ________
Linn ______ __
Grant ______
Morton _____
Morton ____ _
Grant _______
Red Oak ____
Grant _______
Grant _______
Red O a k ___S
Soil
No.
Lab.
No.
Yeitch
test
Limestone
required
1 1 ( - ) 3204
2 4 i f f
3 7 ( - ) 3560
4 10 (+ )
5 13 (+ )6 16 (+ )
7 19 (+ )8 ' 22 (+ )
9 25 (+ )10 28 (+ )
11 SI (+ )1 34 (+ )
14 40 I S
15 43 (+ )16 46 (+ )
17 49 (+ )18 52 (+ )
19 55 (+ )
20 58 (+ )21 61 (+ )22 64 (+ )
23 67 (+ )
24 70 (+ )
•25 73 (+ )
26 76 (+ )
27 79 (+ )
28 82 (+ )
29 85 (+ )
105 313 ( - ) 3560106 316 (+ )
107 319 (+ )
108 322 (+ )
109 325 (+ )
110 328 mm
111 331 (+ )112 334 (+ )
Total
Calcium
Inorganic
Carbon
Total Organic 
Carbon
Total
Nitrogen
Total
Phosphorus
Total
Potassium
7,900 120 54,780 4308 1604 32,800
4,354 102 50,860 4100 1510 37,600
10,878 74 45,780 3686 1756 33,200
9,606 104 61,320 4412 1870 39,400
9,654 66 40,200 3166 1706 39,200
9,318 66 *20,780 *1608 1506 37,900
8,608 122 50,580' 3892 1560 29,400
8,294 124 38,200 2648 1872 35,600
8,940 94 37,700 3218 2118 31,600
8,040 104 38,420 3374 1368 39,400
11,336 66 53,420 4516 1518 32,600
14,148 56 38,100 2958 1490 38,800
10,562 184 52,980 3996 1506 33,600
12,694 140 42,620 3582 1684 39,400
12,016 84 55,680 4620 1516 37,900
23,158 192 46,360 3582 1930 33,600
*58,334 *8,396 45,900 4202 1696 32,800
*101,356 *20,118 28,580 2854 1634 29,400
10,174 90 43,260 4100 1402 ' 29,800
10,658 136 45,500 3946 1258 37,200
11,240 120 55,480 4308 1422 30,600
7,364 156 46,660 4160 1456 24,800
9,690 266 43,380 3740 1340 19,800
10,562 138 48,180 4066 1442 27,000
16,280 166 61,440 4956 1226 28,400
12,596 100 75,680 6124 1442 30,000
13,760 350 67,400 5936 1422 33,600
15,116 234 71,880 6030 1496 34,800
14,340 36 57,740 4862 2250 37,400
12,016 42,260 3412 902 29,400
12,404 40,720 3506 1192 34,200
13,954 . 56 51,200 4066 1502 36,300
12,984. 66 50,800 4016 1482 34,700
13,954 18 43,920 3412 1390 36,400
14,050 72 51,060 4114 1424 36,700
14,050 54 49,520 3882 1 1436 1 33,200
138
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Mills __________ ____(Center ____ ... . | 113
Mills ___________ .__ 114
Mills _______ —■ .__ 115
Mills ___________ *  116
*Not included in the averages.
337 I (+ ) .....  f 22.004 268
340”; (+ ) ------_____ 13.662 54
343 ____ 14,244 72
346 1 (+ ) 1------ . .  | 13,468 82
47,980 3786 1758 34,200
42,300 3834 1378 31,300
43,060 3412 1496 35,500
46,040 3974 1392 35,500
T A B L E  IV . T H E  A N A L Y S E S  OP M ISSISSIP P I LO ESS SOILS— Surface ( 0 - 6  2 -3 ").
Calculated as pounds per acre of two million pounds.
i/ocatic
County
)n
Township
Soil
No.
Lab.
NO.
Veitch
test
Limestone
required
Total
Calcium
Inorganic
Carbon
Total Organic 
Carbon
Total
Nitrogen
Total
Phosphorus
Total
Potassium
67 199 (—) 5696 6,398 31,500 2338 1502 25.200
68 202 (—) 9612 10,852 142 64,180 5470 1552 34,600
69 205 (+ ) 9,496 100 36,560 3132 1360 32,000
Muscatine '_ _ __ 70 208 (—) 6052 7,752 28 33,400 3086 1448 27,600
Columbus City. 71 211 ( - ) 10680 9,980 64 47,480 3974 1482 33,400
72 214 (—) 5340 8,624 18 38,620 3506 1246 35,200
73 217 (—) 4272 5,328 26,540 2010 802 22,200
74 220 (—) 6764 9,108 37,720 3038 1108 23,200
Des Moines __---------- Flint River ___ 76 226 ( - ) 7832 11,336 64 51,620 4348 1452 35,700
Des Moines __---------- Flint River ___ 77 229 ( - ) 4272 12,596 66 63,680 6330 1360 29,500
117 349 (+ ) 14,148 144 v 61,480 4722 1596 33,800
118 352 (+ ) 14,826 202 53,160 3882 1330 34,500
119 355 (+ ) 12,984 82 60,700 4066 1468 32,800
120 358 (+ ) 9,884 100 56,560 4628 1370 30,500
121 361 H 9 6340 12,694 126 66,180 5188 1436 31,400
122 364 (—) 7120 13,372 74 72,680 5516 1520 32,SCO
Poweshiek _________ W ashington___ 123 367 ( - ) 6052 12,112 64 52,180 4160 1350 31,400
124 370 (—) 3560 16,472 74 75,720 5656 1546 31,200
Johnson ..._________ East Lucas ___ 125 373 ( - ) 1780 9,302 92 . 43,580 3786 1264 31,700
126 376 (+ ) 13,274 92 55,060 4348 1402 37,100
127 379 (—) 6052 11,628 92' 61,700 5188 1500 33,400
128 382 (—) 3560 9,980 54 44,360 3692 1152 34,800
129 385 (—) 4628 10,948 102 53,080 4302 1334 30,700
130 388 (—) 4628 10,368 82 48,180 3930 1162 25,5C0
Marengo _____ 131 391 (—) 1424 10,078 128 46,760 3226 1338 32,700
Iowa _________  — Marengo __------- 132' 394 B 4272 10,464 82 51,680 4348 1316 31,300
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T A B L E  V. T H E  A N A L Y S E S  OF SO U TH ER N  IO W A  LO ESS SO ILS— Surface ( 0 - 6  2 -3 ") .
Calculated as pounds per acre of two million/ pounds.
Location
County Township
Jefferson __________ Black Jfawk
Jefferson - — ____
Jefferson - _______
Morirne
Monroe ........
nalrlwell
Wavno
Decatur
Decatur
Decatur
Decatur
Union ______________
Union ______________
Union
Ringanld
Ringgold
Ringgold __________ Washington ___
Soil
No.
Lab.
No.
Veitch
test
Limestone
required
Total
Calcium
Inorganic
Carbon
Total Organic 
Carbon
Total
Nitrogen
Total
Phosphorus
79 235 ( - ) 3560 9,036 28 70,520 5562 1516
80 238 ( - ) 2136 8,914 38,120 3226 1018
81 241 ( - ) 3916 8,720 48 31,700 2664 970
82 244 ( - ) 6052 13,372 144 66,820 - 5424 1570
83 247 (+ ) 11,336 94 51,680 4160 1368
84 260 ( - ) 6764 11,628 66 58,860 4348 1224
85 253 ( - ) 7832 10,464 112 43,720 3600 1192
88 256 ( - ) 6764 11,434 74 54,480 4114 1304
87 259 ( - ) 9612 5,202 102 49,620 4160 1266
88 262 ( - ) 9256 7,752 112 48,280 4066 1254
89 285 ( - ) 4984 11,240 28 49,940 3602 1348
90 268 ( - ) 7832 12,016 58 60,300 5142 1240
91 271 ( - ) 3560 8,278 74 26,240 3930 1406
92 274 (+ ) 11,336 62,160 518«
93 277 ( - ) 4272 12^ 984 51,100 4254 1388
94 280 ( - ) 7120 10,078 62,100 5002 1508
95 283 (+ ) 7,654 64 53,860 4814 1368
96 286 ( - ) 7120 11,240 43,460 3412 1286
97 289 ( - ) 6408 12,694 59,620 4208 1462
98 292 (+ ) ________ 7,568 72 67,000 5282 1566
99 295 (+ ) 9,302 18 63,960 5330 1340
100 298 (+ ) 12,984 67,340 4440
101 301 (+ ) 10,948 36 54,660 4440 1466
102 304 (+ ) 12,694 82 64,120 4908 1456
103 307 (+ ) 8,624 62,440 ! 5002 1370*
104 310 (+ ) 16,086 134 77,940 5704 1592
Total
Potassium
30.600
26,800
30.900
31.800 
34,100
32.500
35.000
33.700
31.000
33.600
24.200
29.900 
32,400
32.900
31.900
33.700
34.500
32.500
32.800
36.300
35.200
34.900
36.300
33.600
33.700
32.500
O
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T A B L E  V I .  T H E  A N A L Y S E S  O F  W I S C O N S I N  D R I F T  S O I L S — S u r f a c e  ( 0 — 6 2 - 3 " ) .
Calculated in Pounds Per Acre of Two Million Pounds.
Locatic
County
n
Townsnip
Soil
No.
Lab.
No.
Veitch
test
Limestone
required
Total
Calcium
Inorganic
Carbon
Total Organic 
Carbon
Total
Nitrogen
Total
Phosphorus
Total
Potassium
Clay ----------------- -----
Clay -----— :-------------
Clay -----------------------
Clay — ---------------
K ossuth____________
Kossuth ____________
Kossuth —  __________
Kossuth „  ------
Riverton __ -----
Lincoln ------------
Chillings Grove—
Sioux _________
Plum Creek -----
Plum Creek ___
Union _______ -
Union —_ -- --
30
31
32
33 
31 
35 
30 
37
1 T
2 T
3 T 
1 T
5 T
6 T
7 T
8 T 
9 T
10 T
1 M
2 M
3 M
4 M
88 
01 
' m  
97 
100 
103 
106 
109
(+ )
(+ )
(+ )
( - )
(+-)
(+ )
(+ )
(+ )
3560
.13,274 
13,954 
14,244' 
13,760 
25,580 
*424,810 
20,736 
10,852 
26,820 
13,740 
49,660 
10,060 
36,020 
15,880 
15,780 
20,520 
10,700 
11,(00
74
94
104
226
268
*66,212
92
92
73,680
72,040
64,600
72,060
80,700
*149,460
46.020
79.020
6030
5377
5470
6074
6030
*11688
6826
6172
5388
4230
5570
4770
8150
5410
5074
5000
5210
5000
5630
3890
4904
4432
1340
1492
1300
1422
1200
*2224
1348
1084
1480
1300
1520
1600
1740
1480
1060
1560
1540
1360
1554
1288
1338
1298
21,800
30.200
29.800
35.800
27.200 
*17,500
23,600
32.800
I
1
Clay ------________------
*Not included in the averages.
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T A B L E  V II. TH E  A N A L Y S E S  OP IO W A N  D R IF T  SOILS— Surface ( 0 - 6  2 -3 ") .
Calculated as pounds per acre of two million pounds.
Location Soil Lab. Veitch Limestone Total Inorganic Total Organic Total Total Total
County Township No. No. test required Calcium Carbon Carbon Nitrogen Phosphorus Potassium
38 112 (—) 2848 4,814 82 34,040 • 2944 1010 35,000
40 118 (+ ) 18,992 184 88,180 5850 1448 26,400
41 121 (+ ) *29,892 *1230 *126,880 *10424 *1776 24,600
42 124 (—) 4272 13,372 130 95,240 ' 7574 1500 28,000
Floyd — _______ __ St. Charles ___ 43 127 ( - ) 4984 10,270 92 66,100 4908 1284 27,000
Floyd — __ St. Charles ___ 44 130 ( - ) 3560 11,494 56 89,320 6546 1328 24,400
Floyd ______________ St. Charles ___ 45 133 H 3916 13,858 92 92,980 7068 1620 27,800
Warren 43 130 : (—) 4984 12,210 72 55,780 4628 1330 21,000
B rem er____________ Warren ______ 47 139 ( - ) . 6764 10,272 ' 74 58,580 4628 1318 20,800
Bremer - ______ Lafayette 48 142 ( - ) 3560 10,272 122 38,180 3180 1098 22,800
Black Hawk __ ------ Mt. Vernon _ 49 145 ( - ) 7832 9,302 46 50,880 3786 1210 23,800
50 148 (—) 10680 8,818 44,840 3882 1172 23,200
Black Hawk __ Birmington ___ 51 151 n 9968 10,852 112 60,240 4628 1318 19,400
Buchanan _________ Washington ___ 52' 154 ( - ) 3560 9,268 192 50,320 3930 1254 19,800
Buchanan _______ — Washington ___ 53 157 ( - ) 8900 4,070 122 . 54,740 4628 1318 20,000
H a ze lton_____ 54 160 ( - ) T2460 5,814 56 58,700 4254 1304 16,600
Hazelton _ 55 163 m 7476 5,6a) 84 23,880 1542 1146 13,400
Delaware ___________ Delaware ____ 56 166 (-> 7476 6,782 103 54,860 5750 1182 16,000
Oneida ------------ 57 169 (—) 7120 4,822' 102 25,240 2058 1454 16,000
Delaware __ _______ Oneida -- __ 58 172 (-> 8900 5,134 90 37,620 3272 1112 15,400
Delaware — •_______ Oneida — ------ 59 175 ( - ) 10824 3,294' 46 69,520 5470 1392 25,800
*Not included in the averages.
T A B L E  IX . TH E  A N A L Y S E S  OF M ISSOURI LOESS SOILS— Subsurface (6 2-3"— 2 0 ") .
Calculated as. pounds per acre o f  four million pounds.
Location
County Township
Soil
No.
Lab.
No.
Veitch
test
Limestone
required
Total
Calcium
Inorganic
Carbon
Total Organic 
Carbon
Total
Nitrogen
Total
Phosphorus
Total
Potassium
1 2 (+ ) 17,028 168 77,000 5812 2980 59,600
2 5 (+ ) 9,932 256 91,080 6540 3240 62,800
Crawford ITowa, 3 8 (—) 5696 19,580 ‘ 220 53,160 4568 8052 68,000 57
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Shelby -----------
Shelby -----------
Shelby -----------
Shelby ------—
Shelby -----------
Pottawattamie
Pottawattamie
Pottawattamie
Pottawattamie
Monona _____-
Monona ______
Monona ______
Monona ______
Woodbury ____
Woodbury ___
Woodbury ___
Woodbury ___
Plymouth ____
Plymouth ____
Plymouth _____
Plymouth ____
Sioux _______
Sioux — _____
Sioux _______
Sioux _______
Page ______
Page ______
Page ______
Montgomery 
Montgomery 
Montgomery 
Montgomery 
Mills L _ i__
Mills ______
Mills ______
Mills ___ W&
r  i 11 (+) : 15,988
14 H I 22,136
o 17 (+) 17,312
20 (+) 16,744ft 23 (+) 17,880
9 ! 26 (+) 17,216
10 20 (+) 15,892
11 32 (+) 25,383
12 35 (+) 25,192
41 (+) 22,672
44 (+) 26,986
16 47 (+) 25,968
: 17 50 (+) *81,396
I S 53 (+) *325,196
19 (+) *243,024
20 59 (+) 24,032
62 (+) 21,316
22 (+) 24,032
23 i 68 (+) 17,440
24 71 1 (+) *133,140
Mm  a n i 25 74 (+) 17,828
26 77 (+) 25,388
27 80 (+) 27,908BED 28 83 (+) 28,296ialini 29 86 (+) 19,768
105 314 (+) 27,324
106 317 (+) 25,388
107 320 MB 26,744
10ft 323 (+) 28,296
109 326 (+) 24,612
110 320 MB 28,488
111 332 (+) 26,356
112 335 (+ ) 27,520
; 113 338 (+ ) *133,528
114 341 (+ ) 27,132
115 ■  344 (+ ) 29,844
Rawles ________ 116 347 Ü 25,580
*Not included in the averages.
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T A B L E  X . T H E  A N A L Y S E S  OF M ISSISSIP P I LO ESS SOILS— Sub surface (6 2-3"— 2 0 ") .
Calculated as pounds per acre o f four million pounds.
Location Soil Lab. Veitch
County Township No. No. test required
67 200 ( - )
(-h)
(+ )
( - )
( - )
4272
14952Muscatine 68 203
Muscatine _________ Bloonpington — 60 206
Muscatine 70 209 4272
9968Louisa -------------------- Columbus City- 71 212
72 215 ( - )
( - )
( - )
( - )
7832
2136
10680
7120
Louisa 73 218
74 221
Des Moines _ Flint R iv er____ 70 227
Des Moines Flint R iv er____ 77 230 ¡ 9 9968Jasper 117 350 (+ )
(+ )
(+ )
(+ )
( - )
( - )
( - )
Jasper _____________ 118 353
Jasper 1 1 119
Jasper _ 1 120 359
Poweshiek 121 362 7120
Poweshiek Crinnell 122 366 2848
Poweshiek Washington 123 368 8544
Poweshiek firinnell 124 371 ( - )
( - )
4984
Johnson _______ ___ East Lucas ___ 125 374 5606 I
Johnson ___________ East Lucas ----- 126 377 (—) 3560Johnson 127 380 ( - )
( - )
( - )
6408
5696
7832
Johnson ..... 128 383
Iowa Marengo _____ - 129 386
Iowa 130 389 (—)
< -)
( - )
8544
Iowa ..... 131 392 2848
Iowa __________ -____ Marengo — —— 132 395 5696
Total
Calcium
Inorganic
Carbon
Total Organic 
Carbon
Total
Nitrogen
Total
Phosphorus
Total
Potassium
12,404 56 51,720 3180 2856 63,200
19,380 196 83,920 7764 2784 64,800
18,796 164 34,800 3644 2448 62,000
10,076 30,280 2896 1972 52.0C0
19,768 36 45,600 4020 2124 64,000
16,084 36 43,760 3740 1820 74,800
10,852 29,040 2148 1152 42,200
15,116 59,120 4956 2196 55,000
19,960 92 66,560 5328 2184- 70,400
24,420 76 84,760 6360 2452 66,200
24,224 112 63,320 4956 2184 69,000
21,124 276 48,760 4208 1860 69,000
25,968 108 101,160 6824 2508 67,600
22,284 216 77,400 5888 2480 60,200
22,868 108 80,400 6264 2312 65,600
25,192 128 100,000 7572 2680 64,400
25,388 76 62,080 5328 2148 64,400
33,912 112 122,480 8970 2636 64,600
16,668 184 64,440 5704 2400 65,200
19,184 128 54,240 4392 1948 71,000
18,408 168 68,200 5424 1968 70,800
18,796 164 64,480 5516 1976 67,200
21,512 164 88,720 7012 2392 63,200
16,668 108 59,760 4768 1992 58,200
16,280 200 40,240 3460 1920 67,200
18,604 144 66,360 5704 1912 61,600
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T A B L E  X I .  T H E  A N A L Y S E S  O F  S O U T H E R N  I O W A  L O E S S  S O I L S — S u b s u r f a c e  ( 6  2 -3 " — 2 0 " ) .  
Calculated as pounds per acre o f four million pounds.
County
Jefferson _— 
Jefferson —  
Jefferson 
Jefferson —
Monroe -------
Monroe -------
Monroe -------
Monroe -------
Appanoose — 
Appanoose 
Appanoose ~
Wayne --------
Wayne --------
Wayne --------
Wayne --------
Decatur ------
Decatur ——
Decatur ____
Decatur ------ -
Union _-------
Union ______
Union ______
Union ______
R inggold -----
R inggold___
Ringgold
Location
Township
Center _____
Black Hawk 
Buchanan —
Center  .—
Troy -------
Troy _______
Bluff Creel:
Troy ______
Caldwell ___
Caldwell —  
Vermillion —
Corydon ___
Union --------
Union ____—
Union --------
Long Creek
Franklin __
Franklin —  
Franklin 
Highland — 
Highland —
Grant _____
Grant _____
Jefferson — 
Jefferson — 
Washington
Soil
Wo.
90
91
92
9394
95
96
97
98
99100
101 
102
103
104
Lab.
No.
236
239
242
245
248
251
254
257
260
263
266
269
272
275
278
281
284
287
290
293
290
299
302
305
308
311
Veitch
test
(-)(-)(-)(+)(+)(-)(-)(-)(-)(-)(-)(-)(-)(+.)(+)(-)(+)(-)(+)(+)(+)(-)(+)(+)(+)(+)
Limestone
required
12810
4984
7120
4272
14952
7120
9258
8544
16370
11392
12810
5696
7120
5690
Total Inorganic 
Calcium Carbon
Total Organic 
Carbon
Total
Nitrogen
Total
Phosphorus
Total
Potassium
18,824
15,110
19.380 
30,424 
20,156
19.380 
19,1772 
19,960 
11,068 
18,210 
22,092 
20,736 
15,324 
19,184 
24,612 
17,440 
20,928 
,24,032 
22,480 
15,512 
20,540 
24,808 
23,644 
23,256 
17,056 
27,132
108 89,920
48,480
132 37,200
152 77,760
152 69,440
132 71,680
132 41,080
132 66,240
112 47,440
148 51,400
76 92,080
72 , 61,920
240 103,120
65,800
66,8001
61,040
20 55,640
92 ” 53,200
56 61,440
92 109,040
108 82,680
56 90,040
91,920
36 77,400
92 98,480
108 98,560
7012
3928
3272
6824
5328
5328
3928
4956
4148
4950
6644
5516
4020
5612'
5236
4488
4804
4020
4864
8880
0920
7668
7292
6264
6630
7012
2156 65,600
1496 53,200
1584 61,800
1980 64,400
1980 72,000
1630 68,800
1760 64,600
1952 69,000
1804 64,800
2548 60,400
2884 49,000
1844 64,000
1728 62,200
2076 69,000
2128 04,800
1872 70,000
2116 ‘ 66,000
2076 64,400
2080 67,000
2850 74,600
2060 67,000
2520 71,000
2548 72,400
2224 67,800
2352 68,800
2064 67,000
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T A B L E  X II . TH E  A N A L Y S E S  OF W ISC O N SIN  D R IF T  SOILS— Subsurface (6 2-3 "— 2 0 " ) .
Calculated as pounds per acre o f  four million pounds.
Location Soil Lab. Veitch Limestone Total Inorganic Total Organic Total Total Total
County Township No. No. test required Calcium Carbon Carbon Nitrogen Phosphorus Potassium
80 89 (+ )
(+ )
(+ )
31,588 360 101,000 8788 - 2400 62,000
50.800
60.800
31 92 19^ 380
30,812
392 104,560
71,320
9068 2600
Clay ---------------------- Chilliags Grove. 32 95 396 6636 2108
* 33 98 (+ )
(+ )
Ü
(+ )
(+ )
19,380
35,272
*834,116
660 91,800
98,600
6824 2208 53.600
59.600Plum Creek ___ 31 101 652 6264 1752
Plum Creek 35 104 *129,348 *142,680 *11688 *3064 *35,600
30 107 47,480
21,900
*2,588 129,280 10564 2700 43,800
60,000Kossuth _ ________ Union ------  ----- 37 110 220 94,800 7948 1752
*Not included in the averages. 146
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T A B L E  X I I I . T H E  A N A L Y S E S  O F  I O W A N  D R I F T  S O IL S — S u b s u r f a c e  ( 6  2 -3 " — 2 0 " ) .
Calculated as pounds per acre of four million pounds
Location Soil
No.
Lab.
No.
Veitch
test
Limestone
required
County i Township
38 113 ( - ) 5696
40 119 (+ )
41 Y22 (+i)
42 125 ( - ) 8544
43 128 (+ )
Kt nh axles 44 131 (+ )
45 134 (+ )
46 137 i l f
Warren --  ------ 47 140 ( - ) 16376
Lafayette _____ 48 143 ( - ) 7832
Black Hawk --------- Mt. V ern on ___ 49 146 ( - ) 9968
Black Hawk „ --------- Mt. V ern on___ 50 149 ( - ) 8544
Black H a w k----------- Birmington ----- 51 152' ( - ) 14240'
Buchanan ______ — Washington ___ 52 156 ( - ) 9968
Buchanan ______ — Washington ----- 53 158 ( - ) 13528
Hazelton ______ 54 161 ( - ) 23496
55 164 ( - ) 14952
56 167 (+ )
Oneida _______ 57 170 ( - ) 14240
58 173 ( - ) 14952
Delaware ----------------- Oneida ------------- 59 176 ( - ) 14952
Total
Calcium
17.056 
37,506 
31,428 
19,380
24.420 
21,664 
19,184
. 23,448 
19,960 
17,828 
18,604 
14,244 
10,656
13.056 
13,176 
11,014
9,304
*46,124
9,080
4,448
24.420
rganic
arbon
Total Organic 
Carbon
Total
Nitrogen
Total
Phosphorus
Total
Potassium
216 45,720 4020 2008 54,400
72 107,360 7948 2276 50,400
*1140 99,080 8320 2684 61,200
72 86,080 7108 2460 58,810
184 94,720 7012 2196 55,200
224 116,920 8606 2508 49,600
184 110,560 7860 2352 56,800
220 64,720 6076 1908 49,200
148 59,660 4768 1972 48,000
208 55,520 4580 2140 60,400
92 74,760 3272 2236 44,400
172 62,840 .5140 2008 50,000
148 67,720 5236 2028 34,000
308 50,080 4020 1968 40,800
184 62,640 5424 1948 44,000
184 85,680 6264 2480 38,000
184 35,440 2524 2020 30,000
*7916 „ 99,760 6824 1928 42,000
168 44,000 3272 2516 35,600
44,040 4020 2028 48,400
56 90,360 7668 2704 57,200
♦Not included in the averages
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T A B L E  X V . A N A L Y S E S  OF M ISSOURI LO ESS SOILS— Subsoil (2 0 "— 4 0 ") .
Calculated as Pounds Per Acre o f Six Million Pounds.
1 Location
County Township
Soil Lab. Veitch 
No. No. test
Carroll ___ ___ ;_____
Crawford __________
Crawford ______ ____
Shelby__________ ___
Shelby______________
Shelby______________
Shelby______________
Shelby__________ ___
Pottawattamie _____
Pottawattamie ___
Pottawattamie _____
Pottawattamie _____
Monona ____________
M onon a____________
M on on a____________
M on on a____________
Woodbury _________
Woodbury _________
Woodbury _________
W ood bu ry__ J______
Plymouth __________
Plymouth __________
Plymouth __________
Plymouth _______ __
Sioux ______________
Sioux _____:________
Sioux ____ __________
Sioux ______________
Page _____ : _________
Page _______________
P'age ____ jO _______
Page ___A*________
Montgomery, I_______
Montgomery-;: ¿4.______
Montgomery, ______
Montgomery
Warren
I o w a ____
Iowa __
Center .
Pair view
Pairview
Pairview
Pairview
Hardin
75 ;_______
75 _______
H ardin___
Bellvidere . 
Bellvidere -
83 _______
Pranklin 
Concord 
Concord 
Concord 
Concord —
Elgin _____
E lg in ___
Grant ___
Grant ___
Grant ___
Linn _____
Linn _____
Linn _____
Grant ___
Morton ___ 
Morton
Grant __ _
Red Oak --
Grant ___
Grant ___
Red Oak —
1 3 (+ )
2 6 (+ )
3 9 (+ )
4 12 (+ )m 15 (+ )
6 18 (+ )7 21 (+ )
8 24 (+ )
9 27 (+ )
10 30 (+ )11 33 (+ )
12 36 (+ )14 42 (+ )
15 45 (+ )16 48 (+ )
17 51 JÜ
18 54 (+ )
19 57 (+ )
20 60 (+ )21 63 (+ )
22 66 (+ )
23 69 (+ )
24 72 (+ )
25 75 (+ )
26 78 (+ )
27 81 (+ )
28 84 (+ )
29 87 (+ )
105 315 (+ )
106 318 (+ )
107 321 (+ )
108 324 (+ )109' 327 (+ )
110 330 (+ )111 333 (+ )112 336 <+)
Limestone
required
Total
Calcium
Inorganic
Carbon
Total Organic 
Carbon
Total
Nitrogen
Total
Phosphorus
Total
Potassium
29,232 306 53,340 3270 4554 85,800
23,700 276 59,220 4206 4530 101,400
23,838 306 39,420 3582 4500 100,200
34,338 252 52,980 3486 4584 91,800
31,494 *2292 25,680 3894 4866 102,000
28,806 168 28,320 1866 3630 102,000
31,932 276 88,200 6384 3510 96,600
*99,000 *37,746 45,660 2002 5046 98,200
24,834 282 56,040 4200 4704 120,000
25,542 312 55,380 2802 3846 112,800
34,590 390 50,520 2646 3372 99,600
34,764 306 74,220 2334 3942 102,000
46,512 390 124,200 6690 4500 121,200
37,206 198 56,640 4518 3600 88,200
*222,384 *38,982 55,260 3894 4386 84,600
*82,560 *1,692 104,100 8412 3636 112,200
*466,284 *89,766 34,680 3894 4548 87,000
*331,980 *70,842 22,560 780 4284 108,600
*130,812 *21,846 51,660 3486 3600 101,400
28,488 384 65,040 5106 4194 93,000
19,764 384 46,380 4488 3966 79,600
24,420 330 50,880 3222 3984 80,400
*491,574 *98,514 26,220 2664 4368 78,600
*92,442 *14,508 33,600 3222 4164 57,600
*161,340 *24,198 53,700 4206 3204 61,800
34,884 444 62,940 6080 3084 99,600
29,358 558 54,360 4488 3252 101,400
31,974 222 58,680 6030 3594 84,000
46,800 57,4«) 5052 3384 107,100
44,184 36,720 2664 1998 73,800
45,930 43,860 2946 3354 101,100
43,026 84 62,280 4908 3480 106,800
35,172 222 86,220 7152 3558 110,400
48,840 57,840 2946 3882 108,300
41,862 162 69,120 4908 3954 103,500
42,156 30,600 3084 2100 78,000
00
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Mills
Mills
Mills
Mills
i 113 339 (+ ) 1
114 342 (+ )
¡1 115 345 (+ )
n 116 348 (+ ) ----------------Ì
*418,896
43,020
46,800
40,698
72,534
192
54
.216
38,460
58,800
70‘,980
79,440
3222
4488
5466
6030
4656
3576
3792
3456
91,500
103,500
108,300
105,000
*NbL included in the averages.
T A B L E  X V I. A N A L Y S E S  OF M ISSISSIP P I LOESS SOILS— Subsoil (2 0 "— 4 0 ") .
Calculated as Pounds Per Acre o f Six Million .Pounds.
Location
County
Muscatine--------—
Muscatine; ------------
Muscatine' ■-----------
Muscatine;, À----------
Louisa --------------
.Louisa l-L p--------------
Louisa- ——-------—
L o u iW --------------------
Des Moines -------------
Des Moines ----------—
Jasper --------------------
Jasper ——--------------
jasper ------ -------------
Jasper •-------------------
Poweshiek --------------
Poweshiek — ,----------
Poweshiek _________
Poweshiek ---- - --------
Johnson _« -------------
Johnson ----------
Johnson — -------------
Johnson _____   —
Iowa ------ .----------------
Iowa --------------- —
Iowa
Iowa ----------------------
Township
Lake ----------------
Lake .----------
Bloomington —
Muscatine -------
Columbus City--
Jefferson ---------
Wapello ----------
Wapello _______
Flint River ------
Flint River . -----
Palo Alto --------
Palo Alto -------
Palo Alto -------
Palo Alto -------
Grinnell -----------
Grinned -----------
Washingtdn
Grinnell
East Lucas ----
East Lucas —
Scott ---------
East Lucas —  
Marengo
Sumner ----------■
Marengo ---------
Marengo ---------
Soil
NO.
Lab.
No.
Veitch
test
67 201 ( - )
68 204 ( - )
69 207 (+ )
70 210 ( - )
71 213 ( - )
72 216 ( - )
73 219 ( - )
74 222 ( - )
76 228 H a
77 231 ( - )
117 351 ( - )
118 354 ( - )
119 357 (+ )
120 360 (+ )
121 363 B122 366 (->
123 369 ( - )
124 372 ( - )
125 375 ( - )
126 378 ( - )
127 381 .(- )
128 384 (->
129 387 ( - )
130 390 ( - )
131 393 ( - )
132 396 ( - )
Limestone
required
6408
8544
"¡272
4272
8544
2136
9612
3204
6408
4272
5340
10680
2136
6408
4272
5340
6408
7476
4272
6408
4272
8544
9612
Total
Calcium
17,148
23,544
36,048
10,170
40,698
33,720
21,798
22,674
40,116
41,280
37.212 
34,884
37.212 
35,172 
38,082 
40,986 
41,862 
43,902 
26,742 
33,138 
38,664 
29,652 
27,90-6
32.556 
31,398
32.556
Inorganic
Carbon
Total Organic 
Carbon
138
162
108
108
¡92
276
54
276
54
108
162
246
192
108
192
56,100
65,520
27,660
17,940
25.980 
33,540
25.980 
49,680 
38,460
48.420 
48,720
40.980 
83,280
66.240 
59,320
66.960 
37,620
87.960 
55,260 
39,480
43.020 
48,780
87.420
54.240
31.020 
42,060
Total
Nitrogen
Total
Phosphorus
Total
Potassium
3222 2946 78,000
6174 3054 91,200
3084 3680 84,000
1260 2406 65,400
3222 3312 92,400
3222 2988 96,800
2100 1596 57,600
4626 2550 77,400
4068 3042 100,500
4068 2838 95,700
4068 3066 98,700
3504 2982 99,300
5748 3120 99,600
5466 3222 93,900
4908 3000 95,100
5052 3036 93,900
2664 4224 90,600
6312 3174 88,200
4908 2850 93,300
3222 3072 108,300
3648 2688 99,600
3930 2682 99,900
6870 2892 95,700
3930 3096 103,500
2382 3450 94,200
3504 3174 98,700
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T A B L E  X V II . A N A L Y S E S  OF SO U TH ER N  IO W A  LO ESS SOILS— Subsoil (2 0 "— 4 0 ") .
Calculated as Pounds Per Acre o f Six Million (Pounds.
Location
County Township
Jefferson __________
Jefferson __________ Black H a w k__
J e ffe rson__________
Monroe _________  _ Bluff Creek —
Decatur _______  __ Long C reek__
Ringgold _________
Ringgold _________
Ringgold ----------  _ Washington —
Soil
No.
79
80'
81
82
83
81
87
88 
89 
99 
91j 
92, 
93'
94
95
96
97
98
99 
109 
101 
102
103
104
Lab.
No.
Veitch
test
Limestone
required
1
237 . ( - ) 3204 •
2401 ( - ) 3204
243 ( - ) 9612
.246: (+ )
.‘2491 (+ )Wrn ( - ) 16020
"255 ES 12816
\ 258 ( - ) 8544
; 2Ö1 (+ )
264 ( - ) 7476
267 ( - ) 14952
.270 . H273 (+ )
'.276. ns,
' 279' I (4-)
282 (+ )
285 (+ )
288 (+ )
291 (+ )
294 ( - ) 10680
297 (+ )
300 ( - )  . 6408303 ( - ) 6408
306 (+ )
309 ( - ) 6408
312 (+ )
Total
Calcium
Inorganic Total Organic 
Carbon Carbon
25,968 55,860
20,928
29,652
47,676
31,974
27,324
36,918
39.822 
27,108 
45,636 
30,522
' 30,810 
26,394 
43,020 
51,162 
47,670 
27,906 
36,048 
50,286 
21,708
40.698
39.822 
34,884
40.698 
25,002 
45,348
30 
144 
198 
54 
’ 84 
144 
198 
168 
114 
144
30
84
162
192
84
84
108
33,840
28,320
43,380
47,340
‘53,700
33.180
33.180 
45,000
48.540
64.560
34.560
42.540
44.760 
55,800 
56,580 
36,780 
27,360 
34,200 
83,880
53.760 
57,240 
76,020 
49,920 
74,649 
55,860
Total
Nitrogen
T ota l'
Phosphorus
Total
Potassium
4206 2628 86,100
2526 1890 68,700
2526 2646 97,800
3786 2766 89,400
4206 2790 96,600
4488 2808 95,700
2808 3348 98,700
3504 3012 96,900
3786 3468 87,600
4206 3882 ■ 93,300
4344 ’2664 81,000
3366 1866 70,500
3504 3336 94,200
4206 3438 93,300
4488 3306 82,500
4626 3132 1 95,700
3504 2886 ^ 103,500
2244 2154 78,300
3222 3852 97,200
7296 3072 104,700
4770 3366 100,800
4344 3606 107,400
5466 3174 : 103,600
2100 2934 98,100
4626 2760 101,700
3504 2502 98,100
O
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T A B L E  X V I I I .  A N A L Y S E S  O P  W I S C O N S I N  D R I F T  S O I L S — S u b s o i l  ( 2 0 " — 4 0 " ) .
Calculated as Pounds Per Acre o f Six Million Pounds.
Locatic
County
m
Township
Soil
No.
Lab.
NO.
Veitch
test
Limestone
required
Total
Calcium
Inorganic
Carbon
Total Organic 
Carbon
Total
Nitrogen
Total
Phosphorus
Total
Potassium
30 90 (+ ) 251,742 • 48,024 60,280 3492 3378 85,800
31 93 BBÜ 29,662 366 60,780 6030 3534 70,200
32 ■ 96 (+ ) 592,440 120,450 26,100 3222 3588 58,800
33 99 (+ ) 457,848 85,968 47,280 4908 2982 70,800
34 102 (+ ) 173,838 36,624 53,220 2382 3150 109,200
35 105 (+ ) *873,264 *152,652 76,080 5610 3564 70,200
36 108 (+ ) *933,930 *256,380 61,620 4206 3534 75,600
Kossuth __________ — Union ___ - — 37 111 m 42,444 93Ó 63,240 5190 2292 79,800
!Not included in the averages. 151
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T A B L E  X I X . A N A L Y S E S  OF IO W A N  D R IF T  SOILS— Subsoil (2 0 "— 4 0 ") .
Calculated as pounds per acre o f six million pounds.
Locatio
County
Q
Township
Soil
No.
Dab.
No.
Veitch
test
Limestone
required
Total
Calcium
Inorganic
Carbon
Total Organic 
Carbon
Total
Nitrogen
Total
Phosphorus
Total
Potassium
38 114 (— ) 4272 26,742 270 37,140 2808 2670 92,400
40 120 ( + ) 42') 444 306 42)540 3504 3216 78,000Portland 41 123 ( + ) 33)060 *2976 40)320i 2664 3228 84,000
42 126 (— ) 8544 23)256 192 48)360 4068 3324 64,200
43 129 (+ ) 27,906 330 53)880 4344 2202 69)600
44 132 ( + ) 27,384 276 43)980 8786 2790 8l)000
135 (+ ) 30,810 606 40,620 3222 2892 57)009
46 138 (+ ) 52,614 390 33)060 2808 2232 60)600
47 141 (—) 7476 23)838 312 39)500 3084 2280 57)600
48 144 (—) 12816 21,798 312 42,900 3786 2826 85,200
49 147 (—) 8544 21,222 30 57)780 4488 3456 75)600
Black Hawk —- - Mt. V ern on___ EO 150 ( - ) 9612 15,696 258 50)l00 4068 3672 59)400
Birmington ___ 51 153 (— ) 7476 23,838 * 216 45,180 2664 2382 67,200
Buchanan IB__ Washington ___ 62 156 ( - ) 6408 17,310 306 38,889 2946 2568 63)600
Buchanan ________ Washington ___ 53 159 ( - ) 4272 20,640 276 32,400 2664 2862 79,800
64 162 (— ) 30972 16,278 198 60,120 4626 2970 75,000
55 165 (— ) 22428 10,752 276 30,840 2946 2568 46,800
Delaware - - 56 168 ( + )
Oneida 8 57 171 (— ) 22428 12,054 162 34,020 1824 3474 59,400
58 174 (— ) 8547 13,374 26,400 2664 2172 105,000
Delaware . .  _____1 Oneida ............ — 59 177 (-0 6408 34,884 30 54)720 4488 4002 76)200
*Not included in the average.
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